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October 1950 


SOME NOTES ON THE TERMS “g” AND “INERTIA” 
By M. C. CAMPION, B.Sc.(Eng.), Grad.R.Ae.S. 
Part III 


(Parts I and II were published with the August issue of the Journal) 
I11I—The loads on an aeroplane, and the resulting inertia factors 


(i) This part of the paper describes the use of inertia loads and moments to balance 
the system of applied loads and moments on an accelerating aircraft. The 
method of estimation of the total inertia factors on any part of a rigid aircraft 
is also indicated. 


The units used throughout are those derived in Part I, namely pounds 
weight (for force), pounds (for mass), feet (for distance), “g’s” (for linear 
acceleration) and “ g’s/foot” (for angular acceleration). 


glow 


Figs (i) and (ii) 


(ii) The forces acting on an aircraft are due to aerodynamic loads, thrust and 
ground reactions, and are mostly shown in Figs. (i) and (ii). Since the 
derivation of the air loads is purely an aerodynamic problem, it will not be 
discussed here in detail’. 


| It is hoped that a later paper will be published in these pages, giving an account of the 
aerodynamic problems of estimating these loads. 
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The resultant air load, Ly, on the wings and fuselage, will act at some 
centre of pressure, but it is more convenient to consider the load applied at 
the aerodynamic centre, A, of the aircraft (less tail), together with its moment, 
M,, about A. 

The positions of A and G (the centre of gravity of the aircraft) are defined 
in terms of the distances, h,c and hc, from the leading edge, O, of the 
standard mean chord, OQ. 

Similarly, the tail load, Lr, required to trim the aircraft is applied, not 
at the centre of pressure, but at B, the aerodynamic centre of the tailplane, 
together with its moment, M;, about B. An impulsive or manceuvring load, 
P, on the tailplane, then acts at B (and has no moment about B). 


The fin load, Py, and its moment, M, (not shown in the diagram) are 
treated in the same manner. 


The other air loads and moments, not shown, are: 
M, the rolling moment, about the axis of symmetry, of aileron loads or 
unequal loading on the halves of the tailplane, 
My _ the yawing moment, about the centre of gravity, G, of the pressure 
distribution on the fuselage, wings and nacelles, 
P; the side load due to this distribution, 
D the drag of the aircraft. 


The ground reactions which can be applied to the aircraft are: 
Ry, Du, Sy the total vertical, drag and side loads on the main under- 
carriage units (suffixes 1 and 2 denote the loads on the 
separate port and starboard units), 


Ry, Dy, Sy the total vertical, drag and side loads on the nose wheel 
unit (or corresponding loads on the tail wheel, if the air- 
craft is so equipped). 


The vertical loads act at the points of contact, but the points of action of 
the drag and side loads are arbitrarily chosen in relation to the design loads, 
and are specified in the appropriate handbook of strength requirements’. 


(iii) In steady level flight, the total lift on the aircraft must equal the weight, W, 
and the total moment about the centre of gravity, G, must be zero. In the 


notation of Fig. (i): 


M,+Lw (h—h,)c+M,-Ly.1l;=0 (10) 


The force acting on any component (mass m pounds) of the aircraft is its 
weight, m pounds weight. But from equation (7), the inertia force on a 
component of m pounds mass is nm pounds weight, where n is the acceleration 
in “g’s.” Hence the effect of weight in steady level flight is identical to the 
inertia effect when the acceleration is one “g.” Steady level flight is therefore 


frequently described as “ flight at one g.” 


(To be continued) 


is a Note.—The author is indebted to F. Grinsted (Assoc. Fellow) and others, for drawing 
e attention to the following error in Part I (August 1950 JouURNAL):— 
In equations (4) and (5) of Part I, the coefficient 32.2 should be 1 /32.2. 


2 Air Publication 970, for military aircraft, and the Civil Airworthiness Requirements of the 
Air Registration Board, for civil aircraft, are the relevant British handbooks. 
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The Council are particularly anxious to encourage members of the Society to 
support their own Journal by contributions to it of articles and papers on any 
aspect of Aeronautics. For that purpose they have set aside £250 a year in the 
form of premium awards to the authors (members or non-members) of such papers 
as some reimbursement for the work which has been done by the author. These 
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THE JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


It is regretted that with the increasing costs of production it has been found 
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A few copies of Parts I to IV, Volume I are still available and members are 
reminded that a strictly limited edition only of “The Aeronautical Quarterly ” is 
printed and numbers cannot be reprinted in any circumstances. An annual 
subscription therefore is advisable. 


ANGLO-AMERICAN AERONAUTICAL CONFERENCE—1951 


The Third Anglo-American Aeronautical Conference, convened jointly by the 
Royal Aeronautical Society and the Institute of the Aeronautical Sciences (of 
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interests and experience should be on the theory of aeronautical structures, and the 
candidate will be required to carry out research and teaching to advanced students 
in aspects of applied mechanics applicable to aeronautical structures. As the 
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Tuesday, 7th November 1950—AT BELFAST—Aircraft Metallic Materials 
under Low Temperature Conditions, Major P. L. Teed, F.R.Ae.S. 
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. 


NOTICES 


Thursday, 23rd November 1950-——Rockets and Assisted Take-off, A. V. Cleaver, 
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Tuesday, 12th December 1950—Film Show, by W. Courtenay, O.B.E., M.M., 
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Wednesday, 29th November 1950—The Control of Direct Coupled Gas Turbine 
Propeller Engines, W. H. Lindsey, M.A., F.R.Ae.S. 


In the Physics Lecture Theatre, University College, at 7 p.m. 
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Aerodynamics I, Strength of Aircraft Materials and Theory of Structures I. 
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E. G. Wilkinson, Pure Mathematics, Properties of Matter, Heat, Light and 
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W. R. Burge (Canada), Pure Mathematics, Properties of Matter, Heat, Light 
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To assist in keeping the records of members correct and up to date the Secretary 
will be glad if all members will notify him as soon as possible of changes of address. 


When notifying changes please give the following particulars: — 
Name (in block letters). 

Grade of membership. 

- New address (in block letters). 

Old address. 


Changes of address must be received before the 15th of the month in order to 
be effective for the Journal for the following month. 


JOURNAL BINDING 
The prices of binding of Journals are as follows: — 
1949 Volume (including packing and postage), 15s. 6d. 
Previous Volumes (including packing and postage), 17s. Od. 


Journals should be sent direct to The Lewes Press, Friars Walk, Lewes, Sussex, 
and the remittance to the Secretary at the offices of the Society. 


' Cases only for unbound 1949 Volumes are available, price 6s. 6d. each. 
Requests for cases, with remittances, should be sent to the Secretary at the offices 
of the Society. 


ELECTIONS 


The following is a list of new members and transfers of membership of the 
Society : — 


Associate Fellows 
Robert Elkan Landau (from Graduate), Colin Philip Lindsay Nicholson, 
William Haughton Pritchard, Basil Ernest Stephenson, John Williams. 
Associates 
. George Whelan Acock, John Bernard Neate Coles, Edward Arthur Dewhirst, 
: Gerald Clifford Frewer, Norman Kearl, Bernard Charles Phillips, Frederick Sydney 
Staples. 
Graduate 
Geoffrey St. Quintin Crockett (from Student). 
Students 
Derek Brickenden, Robert Edward Catterwell, Louis Burton Irving, Edwin 
John Knight, Brian John Van De Water, John Steele Wright. 
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The following have been added to the Library (titles of pamphlets are printed 
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American Society for Testing Manual on Fatigue Testing. American 
Materials Society for Testing Materials. 1949. 
Baker, F. B. The Performance of Civil Aircraft. Pitman. 
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*Brooks, B. T. and Dunstan, A. E. Crude Oils. Chemical and Physical Proper- 


(Editors) ties. (Science of Petroleum. Volume V. 
Part I.) Oxford University Press. 1950. 
Hodge, P. G. Introduction to the Mathematical Theory of 
Perfectly Plastic Solids. Brown Univer- 

sity. 1950. 


*N.A.C.A. Technical Memoranda 


1259—Theoretical investigation on the efficiency and the conditions for the 
realization of jet engines. Maurice Roy. 


1278—General solution of Prandtl’s boundary-layer equation. W. Mangler. 


1284—Jnstrument for measuring the wall shearing stress of turbulent boundary 
layers. H. Ludwieg. 


1285—Investigations of the wall-shearing stress in turbulent boundary layers. H. 
Ludwieg and W, Tillmann. 


N.A.C.A. Reports 
920—The development and application of high-critical-speed nose inlets. D. D. 
Baals, N. F. Smith and J. B. Wright. 
924—A pplication of Theodorsen’s theory to propeller design. J. L. Crigler. 
926—Sound-level measurements of a light airplane modified to reduce noise 
reaching the ground. A. W. Vogeley. 


931—Correlation of cylinder-head temperatures and coolant heat rejections of 
a multicylinder, liquid-cooled engine of 1710-cubic-inch displacement. B. T. 
Lundin, J. H. Povolny and L. J. Chelko. 


932—Effect of Reynolds number in turbulent-flow range on flame speeds of 
Bunsen burner flames. L. M. Bollinger and D. T. Williams. 

936—Design and performance of family of diffusing scrolls with mixed-flow 
impeller and vaneless diffuser. W. B. Brown and G. R. Bradshaw. 


940—The design of low-turbulence wind tunnels. H. L. Dryden and 1. H. 
Abbott. 


A.R.C. Reports and Memoranda 
2363—Antisymmetrical flutter of a large transport aeroplane. W. Prichard Jones. 


2388—Measurement of mechanical actions by electrical-resistance methods. P. B. 
Walker. 


College of Aeronautics Reports 
36—Nose controls on Delta wings at supersonic speeds. B. W. Bolton Shaw. 


38—The profile drag of yawed wings of infinite span. A. D. Young and T. B. 
Booth. 


Nationaal Luchtvaartlaboratorium, Amsterdam 


S.367—Experimental investigation of the post-buckling behaviour of stiffened, 
flat, rectangular plates under combined shear and compression. — Part III. 
W. K. G. Floor. 


Publications Scientifiques et Techniques du Ministeré de l’Air 
242—Equations intégrales et transformation de Laplace. M. Parodi. 
N.T.36—A brégé de la théorie générale des séries divergentes dite théorie des 
séries définissables. P. Vernotte. 
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O.N.E.R.A. 


43—Essai de justification d'une determination dynamique de fréquences et 
fonctions propres associeés d'un avion et d’un calcul des masses et des rigidités 
generalisées correspondantes. A. Schindler. 


Correction 


In the Additions to the Library published in September 1950, under N.A.C.A. 
Technical Notes 3093—Formulas and charts for the supersonic lift and drag of flat 
swept-back wings with interacting leading and trailing edges, D. Cohen—the number 
of this Note should be 2093. 


J. LAURENCE PRITCHARD, 
Secretary. 


Lewes Press (Wightman & Co. Ltd.), Friars Waik, Lewes, Sussex. 
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ELECTRICAL SERVICE 


G.E.C. airport lighting service assists pilots to make 


successful landings in adverse weather conditions— 


particular consideration having been directed to 
equipment for use in bad weather and poor visibility. 
A G.E.C. installation in accordance with this plan 
will therefore ensure the highest degree of efficiency 
and reliability, enabling air transport services to 
continue without interruption by day and night. 

The G.E.C. is able to advise on any aspect of this 
subject, from an emergency landing-strip to the 


major terminal airport. 


The GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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HANNIBAL... past and present 


Twenty years separate the nen “Hannibal” from the aircraft which first made the name 

a synonym for all that was reliable and comfortable in air transport. To the air traveller 

of the ‘thirties’, “Hannibal” recalls five-course luncheons and seven-course dinners 

served as “Bristol” Jupiter engines carried the H1.P. 42 biplanes with their “built-in 
headwinds” along their sedate way to Paris. Today, with “Bristol” Hercules envines 
more than four times as powerful replacing the Jupiters, the “headwinds” have disappeared 
and the “Hannibal” is one of the fastest piston-engined air-liners in the world... but 

the tradition of comfort and reliability remains, eloquent of the qualities which kept 
Handley Page aircraft and “Bristol” engines in the forefront 


of civil aviation for so many years. 


THE Buse AEROPLANE COMPANY LIMITED ENGLAND 
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DUNLOP 


has the answer 


Dantop Selector Valves offer an efficient finger-light 
method of operating pneumatic mechanisms. Providing a 
sequence of up to 3 operations in one lever movement, they 
are widely used for flap and undercarriage actuation. 
Selectors are a small part of Dunlop Pneumatic actuating 
equipment —equipment that is constantly improved to keep 
step with developments of design. 

The Sclector valves are well suited to serve other pneumatic 
operations. To this end Dunlop technicians are always 
happy to co-operate with designers and constructors or to 


help with any problem of pneumatic actuation or control. 
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Vibration Analysis carried out 
by the de Havilland Enterprise 


In research and development different aspe of a problem 
p 


are studied by various methods and the resultsggo obtained are 


used to build up a complete picture. Similarly, “dhe Aeroplane’ 


continually scrutinizes the many aspects of aeron#ltical develop- a 
ment and synthesizes a wealth of detailed informa®n to present a 


a a comprehensive and co-ordinated picture & 
of aviation progress as a whole. 


Fridays, 
One Shilling 


£3: 
a year 
post free 


TEMPLE PRESS LIMITED 


BOWLING GREEN LANE, LONDON, €.C.1 TERMINUS 3636 


THE MOTOR ° THE COMMERCIAL MOTOR : CYCLING PLASTICS THE MOTOR SHIP i THE AFROPLANE 
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POWER PLANTS 


NAPIER 


Rare white rhinoceroses being transported by 
Airwork Limited * DAKOTA from the 
Khartoum Game Reserve to Antwerp Zoo. 


Another job 


for Atrwork! 


Airwork Contract Charter aircraft operate 
over most of the world, flying personnel, 
valuable. urgent and perishable cargoes with 
speed and certainty. Charter Flying is but 
one aspect of Airwork, the greatest private 
enterprise air organisation of its kind. 


THE SERVICES OF ALRWORK 
Servicing and Maintenance of Aircraft ¢ Overhaul and Modification 


Operation and Schools 


Radio Sales and Service ° Insurance 


CHESTERFIELD STREET - LONDON - Wil TEL: “GROSVENOR 
| Blackbushe Airport, Nr. ‘Camberley, Surrey. Longley Aerodrome, Bucks. Stanstead Aerodrome, Herts. 
rodrome, _Dishley, Leics. Royal Novel Air Station, Brawdy, Nr. Haverfordwest, Wa'es. Perth Aerodrome, Perthshire. Usworth Aerodrome, Castletown, Co. Ourham. 
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DETAR 


Behind this undercarriage and behind the hydraulic 
and pneumatic equipment of this company there is 
a background of design experience, research and 
testing which contributes towards supplying the 


ideal component for the job. 


LECTRO- 
YDRAULICS 


LIMITED 
Main Undercarriage 
WARRINGTON % for Hermes iV and V. 


Telephone WARRINGTON 2244 


DESIGNERS & MANUFACTURERS OF HYDRAULIC, PNEUMATIC AND ELECTRIC EQUIPMENT | 
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DOWTY SEALS in Synthetic or 
Natural Rubber are made in any desired 
shape and size, with a temperature range 
of —60° to +100° C. 


*‘ O’ Rings can be supplied to all 
British and American standards. 


p 
x 


LINKING AUSTRALIA 
PACIFIC ISLANDS 
AND THE EAST 


WITH THE U.K, 


Services: LONDON—SYDNEY via Italy, Egypt, Pakistan, India, Ceylon, 


Singapore and Java by Kangaroo Service, in parallel with B.O.A.C. syDNEY— 
HONG KONG via Labuan. SYDNEY—TOKYO via Manila. SYDNEY—NEW 


GUINEA via Northern Queensland airports. SYDNEY— PACIFIC ISLANDS : : 


including Lord Howe, Norfolk Island, Noumea and Suva. sYDNEY—A UCKLAND 


(by T.E.A.L.) links with Kangaroo Service. Full details from all travel agents. : 


QANTAS EMPIRE AIRWAYS 


TOKYO 


HONG KONG 
Australia’s International 
NEW GUINEA 
Airline—Operating 
regular services on LONDON 


over 30,000 miles of 


PACIFIC ISLANDS 


AUCKLAND 


unduplicated air routes 
14 (by TEAL) 


SYONEY 


ASSOCIATION WITH BRITISH OVERSEAS AIRWAYS CORPORATION 
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WESTON 


INSTRUMENTS: 


No. 1. Temperature Measuring 


The comprehensive range of Weston temperature measuring 


instruments covers the requirements of existing production aircraft, 
as well as types now under development. In addition to 
thermometry for the indication of cylinder, air, oil and radiator 
temperatures, Weston equipment for aircraft includes instruments 
for supply, navigational aid instruments, selector switches, etc. 


TEMP °C 


Model S. 127. Dual Ratiometer Indicator, com- 


Model S. 128. Dual Engine Temperature Indi- 
cator, comprising two Millivoltmeters of 100° 
scale housed in large-size S.A.E. case. For use 
in conjunction with copper/constantan, iron/ 
constantan, or chrome/alumel thermocouples. 


prising two 100° ratiometer movements housed 
in large-size S.A.E. case. For use in conjunc- 
tion with thermometer bulbs, electrical oil 
pressure transmitters, electrical position indi- 
cators or any combination of two of these to 
indicate a variety of temperatures, pressures or 


positions 


SANGAMO WESTON LIMITED ° Enfield - Middlesex 


Tel.: Enfield 3434 (6 lines) and 1242 (4 lines). Grams: Sanwest, Enfield 
Scottish Factory: Port Glasgow ° Renfrewshire - Scotland 


Area Depots: 201 St. Vincent St., Glasgow, Tel.: Central 6208. Milburn House, Newcastle-on-Tyne, Tel.: Newcastle 
26867. 22 Booth St., Manchester, Tel.: Central 7904. 33 Princess St., Wolverhampton. Tel.: Wolverhampton 2191? 
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The increasing speed and weight 
of modern aircraft demands the 


best ible materials. 
peer GROUND POWER UNIT 


\\ For Servicing and Starting 


see ee | all types of aircraft 
Murex ground power units are now being used 
by B.O.A.C. for the servicing and starting of the 
JAMES BOOTH AND COMPANY LIMITED —_— famous Handley Page Hermes IV airliner. This 


ARGYLE STREET WORKS * BIRMINGHAM + 7 unit is designed to supply the electrical current 


for servicing and starting all types of aircraft 
including piston engine, turbo-jet and turbo-prop 


SH types. The unit has an engine driven generator 
and eliminates the use of heavy service accumu- 
lators. The standard unit supplies a current of 


600 amperes continuously at 28 volts for servicing 
ON anda peak current of over 1,000 amperes for engine 


AERODYNAMICS 
STRESSED SKIN STRUCTURES 
PERFORMANCE 


FUELS LUBRICANTS 


(prepared in conjunction with the Institute of 
ex Petroleum) 


| 
| 
| 
Write for full particulars to: | 
| 


4 HAMILTON PLACE, LONDON, 


| 
| 
| starting. Other capacities are available. 
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MUREX 
\/ POWER UNITS 
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(Right) Type S.2. (2 Pole 25 Amp.) with 
weatherproof moulded cover. 


(Below) Type S.3. with cover 
removed. 4 Pole 10 Amp. 
changeover. 


Pullin relays are used 


PULLIN 


Aircraft Manufacturers in LOW-VOLTAGE HEAVY-DUTY RELAYS 
addition to Fully approved for 12 or 24 V DC. Compact, 


robust, light in weight. Consumption is 
THE MINISTRY OF SUPPLY 


less that 5 Watts. These change-over relays 


THE ADMIRALTY AND are adaptable for operation under many varied 


THE WAR OFFICE conditions. Write for further details. 


R. B. PULLIN & CO. LTD., PHENIX WORKS, GREAT WEST ROAD, BRENTFORD, MIDDLESEX. " Tel. EAL 0011/3 3661/3 
15747A 
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By means of its Flight Computer and simple presentation 

* = Masters the problems of instrument flight. 

* Masters the special problems of accurate flight navigation 

and aerodrome approach in jet aircraft. 

* = Masters the problem of human fatigue on long ‘* manual ” 
flights. 

* Masters the problem of accurate approach under low 
visibility conditions. 

The Sperry Zero Reader Flight Instrument presents the pilot 

with all the information he needs to execute faultless 

manceuvres. instrument approaches and accurately controlled 

flying under all conditions, with a consequent saving in time, 

fuel, and physical effort. 


THE SPERRY GYROSCOPE COMPANY LIMITED - GREAT WEST ROAD - BRENTFORD - MIDDLESEX 
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Telephone : 


EALing 6771 (10 lines) 
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of interest to Flying Clubs 
and Private Owners 


Radio and Radar Maintenance needs the attention 
of experts. 


We specialise in the overhaul, repair and test 
of the following equipment—Marconi, Murphy, 
Bendix and Collins. 


Also V.H.F. by Standard Telephones & Cables, 
Plessey, Ekco and Cossor. 


FLIGHT 
REFUELLING LTD are. 


Tarrant Rushton Airfield, Blandford, Dorset. Agents for Ekco, and Plessey “.H.F. 


Electric Equipment for Aircraft 


With unrivalled manufacturing resources, backed by continual Xx X 
research and development and fifty-three years’ experience, xX 


BTH enjoys an enviable reputation for the quality of its 
products. Reliability is of prime importance on land, but is 
vital in the air, hence the success of BTH aircraft magnetos, 
and electrical equipment including : 


Motor-generating sets with electronic regulators - A.C. and D.C. Motors - 
Actuators - Gas-operated turbo-starters - Generators - Mazda lamps, etc. 


THE BRITISH THOMSON-HOUSTON CO., LTD., COVENTRY, ENGLAND 
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MANUFACTURE 
AND DISTRIBUTION OF 


IN GREAT BRITAIN 


ALBRIGHT AND WILSON LTD. 


announce that in co-operation with 
Dow Corning Corporation, Midland, Michigan, U.S.A. 
arrangements have been made for the 
manufacture of silicones in Great Britain 


Since 1946 Albright & Wilson Ltd. have been distributing the silicone 
products made by Dow Corning Corporation. To provide a larger 
organisation to meet the growing demand and provide technical service 
on silicone products, a new company, MIDLAND SILICONES LTD.. 
has been formed. This new company has assumed all the activities 
of the present Silicone department of Albright & Wilson Ltd. in the 
distribution of DC Silicones. The manufacture of silicones will be 
undertaken as soon as possible by Albright & Wilson Ltd. All 
enquiries and correspondence should be addressed to--- 


MIDLAND SILICONES LTD 


49 PARK LANE, LONDON, WI1 
Telephone: GROsvenor 1311. Telegrams: “Midsil, Phone, London” 
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The new ‘R’ TYPE 
FUEL COCK 


For thirty years Vickers fuel accessories have 
been the choice of the aircraft industry. This 
latest development meets the exacting 
demands of modern aviation and is 
designed to be operated either mechanically 
or electrically. 


Particularly noteworthy features are the high 
rate of flow, the light weight, (the 2” B.S.P. 
weighs only 1.68 Ib) and the low torque 
required to operate the Cock throughout the 
temperature range indicated in A.D.102. 


Sizes include at present 1”, 1}”, 13, 2” and 
3” B:S:P: ‘Gocks. 


Actuators manufactured by the English 
Electric Co. Ltd., the Plessey Co. Ltd., or 
Rotax Ltd. may be used to operate this 
type of Cock. 


VICKERS-ARMSTRONGS LIMITED 
AIRCRAFT DIVISION - WEYBRIDGE WORKS - WEYBRIDGE - SURREY 
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IN EVERY SPHERE 
OF AERONAUTICS.. 


BIG return of power in relation to 
weight is a main feature of the 
180 h.p. Cirrus Bombardier. This 
direct petrol injection power unit is 
being widely specified by the Service 
and Civil Technician alike. 


BIGGER potential striking power is 
provided for the Royal Navy by the 
Y.A.5. anti-submarine aircraft. This 
versatile, heavily armed machine which 
is powered by a Rolls-Royce Griffon 
Piston engine or Armstrong Siddeley 
Double Mamba Turbo-Prop Unit, has an 
exceptional operational performance. 


THE PRODUCTS OF 


LACKBURN & GE 


BIGGEST payload of all contemporary British civil — 
aviation projects—15 tons —is possessed by the 
Universal Freighter. This economical all-weather 
aircraft needs only 585 yards for take-off and cruises 
at 175 m.p.h. The total direct operating cost is as 
low as 10°35 pence per ton per mile. 


NERAL AIRGRAFT LIMITED 


BROUGH - E. YORKS 
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of ‘PERSPEX’ 


acrylic sheet 


—variation with temperature 
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TEMPERATURE C 


“PERSPEX’ is the registered trade mark of the acrylic sheet manufactured by I.C.I. 
For Literature and further information apply to 
PLASTICS DIVISION - IMPERIAL CHEMICAL INDUSTRIES LTD 


Welwyn Garden City - Herts. 
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A GREAT NEW PRESSURIZED SPEEDBIRD 


oe HERMES 


Yes, new Hermes Speedbirds are pressurized for swift, smooth 
** over-the-weather ” flying. You sit — or lie back — in the world’s 
most relaxing adjustable aircraft seats, and enjoy traditionally fine 
Speedbird service. Complimentary meals. No tips or extras. 


Hermes Speedbirds are now operating frequent B.O.A.C. services 


between London and West Africa. 


Deep-seated reclining comfort in separate fore and aft ccmpartments. 


Free advice and information 
available on request from your 


local B.O.A.C. Appointed B.O.A.C. TAKES GOOD CARE OF YOU 


Agent or B.O.A.C., Airways 
Terminal, Buckingham Palace 


Road, London, S.W.1. Tele- 
phone : VICtoria 2323. Early BRITISH BY 
reservation adi isable. 


BRET OVERSEAS APRWAYS COR PORATION 
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Do you know your airfields ? 
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BI 


CO 


Recognize this airfield? It’s No. 4 in this 
series of puzzle photographs. You'll find 


DE 
the answer below on the right® 


Twenty-three international air lines, countless 
charter companies, flying clubs and private aviators 
are supplied with fuel and lubricants by the Shell GL 
and BP Aviation Service. Attwenty-five aerodromes 
throughout the country, the Service is on duty all 
year round. 


Shell and BP Aviation Service 


Shell-Mex and B.P. Ltd., Shell-Mex House, Strand, W.C.2. 
Distributors in the U.K. for the Shell HA 
and Anglo-Iranian Oil Groups. 


GL 


HA 


ugaplagy 
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THE ROYAL AERONAUTICAL SOCIETY 


PAPERS FOR THE JOURNAL 


The Council have set aside an annual sum of £250 for the award of premiums for papers 
published in the JoURNAL. Both members and non-members are invited to contribute 
original papers on their own special subjects. The following notes on the preparation of 
papers for the JOURNAL are given to assist contributors : — 

COPYRIGHT 

The copyright of every paper printed in the JoURNAL shall be the property of Aerial 
Science Limited. If the author makes use of copyright material in his paper or information 
obtained by reason of his employment or otherwise, he must state clearly in his covering 
letter, or in the paper, that consent has been given for the use of such material. 


MANUSCRIPTS 

Papers must be in English, in the third person, and typed on one side of the paper 
only, with double spacing and wide margins. When submitted they must be in their final 
form for publication. Only typographical errors may be corrected in proofs. Titles of 
papers should be brief. 

Where practicable, a summary of not more than 250 words should be given at the 
beginning of the paper, giving its scope and conclusions. 

All references should be numbered in the text where they occur, and the complete list of 
references given at the end of the manuscript. These references will be published at the 
end of the text. Footnotes should be numbered consecutively. Tables should be kept as 
concise as possible. 


ILLUSTRATIONS 
Illustrations must be drawn so that they will reduce to column or two-column width, 


that is to 23 or 54 inches. Full page illustrations must reduce to 54 inches by 8 inches. 
All drawings must be in black ink on white paper or tracing cloth. 

Lettering and figures on drawings must be in pencil only. Drawings should be posted 
flat or rolled. 

Photographs should not be less than half plate in size and must be clear black and 
white glossy prints. 

Every drawing and photograph should have on the back its figure number and title. 


MATHEMATICS 

Only very simple symbols and formule should be typewritten. All others should be 
written carefully by hand in ink. Ample space for marking should be allowed above and 
below all equations. Greek letters should be designated by name in the margin. 

The difference between capital and lower-case letters should be clearly shown; care 
should be taken to avoid confusion between zero (0) and the letter 0, between the numeral 
one (1) and the letter 1, between alpha and a, kappa and k, mu and u, nu and vy, eta and n. 

All subscripts and exponents should be clearly marked, and dots, bars, and so on, 
over letters should be avoided as far as possible. 

Square roots of complicated expressions should be written with the exponent 4 rather 
than with the sign v. 

Complicated exponents and subscripts should be avoided. Any complicated expression 
that recurs frequently should be represented by a special symbol. 

Unless an abbreviation is one recognised as standard practice, both in this and other 
English-speaking countries, for example, b.h.p. for brake horse power, the meaning should 
be given in full on its first use. 
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AIR SURVEY 


The Application of Modern Techniques to Surveying 
and Mapping 


by 


Professor C. A. HART, T.D., D.Sc.(Eng.), Ph.D., M.I.C.E., F.R.LCS. 


The 795th Lecture to be read before the 
Royal Aeronautical Society was given on 
16th March 1950 at the Institution of Civil 
Engineers, Great George Street, London, 
§.W.1. Sir John Buchanan, C.B.E., 
F.R.Ae.S., President of the Society, intro- 
duced the Lecturer, Professor C. A. Hart, 
T.D., DSc. (Eng.), PhD, 
F.R.I.C.S., Professor of Surveying and Photo- 
grammetry at University College, London. 
Professor Hart was the first Professor of 
Surveying and Photogrammetry to be 
appointed in the British Commonwealth and 
was leaving almost immediately for India 
to become Vice-Chancellor, University of 
Roorkee, United Provinces. 


1. INTRODUCTION 


7 HE employment of aircraft for surveying 

has become so usual, and so much has 
been written about it from one aspect or 
another, that perhaps the time is appropriate 
to define exactly what is meant by Air 
Survey; what the surveyor is trying to 
achieve, and how he is dependent upon the 
airman to obtain his objectives. To achieve 
good results from an air survey, closely 
integrated team work is required. The air- 
man, photographer, instrument specialist, 
meteorologist and the surveyor each depend 
upon the other, any weakness in the chain 
making results more expensive and _ less 
effective. The author, as a surveyor, has 
worked in harmony for a good many years 
with the “air” side, and it is proposed in this 
paper to summarise the surveyor’s approach 
and his requirements, and to explain why he 
seems never to be satisfied with the accuracy 
achieved. The greater the accuracy of photo- 
graphy, the simpler, quicker and cheaper 


become methods of using the results to fulfil 
the desired specification. 

Air survey implies neither merely the 
taking of air photographs, nor solely the 
production of maps trom them. The defini- 
tion must include all uses of aircraft for 
mapping; for indirect measurement of long 
lines on the earth by radar methods; for 
reconnaissance in undeveloped countries, and 
for geological and geophysical surveys. 

In recent years there have been in 
successive generations two outstanding events 
in the development of surveying, both result- 
ing from progress in aeronautical science. 

The first was the introduction of practical 
air photography in the 1914-1918 War, by 
which not only were areas inspected for 
intelligence purposes, but also topographical 
details provided from which quite reliable 
maps could be made. Since then such 
progress has been made that no one can now 
fail to be aware of the importance of air 
photography for map-making. 

The second advance arose similarly from 
war-time needs, following successful applica- 
tion of radio and radar aids to navigation. It 
was thought that perhaps here was the 
solution to a problem which had perplexed 
the surveyor, i.e. the taking of air photo- 
graphs with the position of the aircraft 
accurately “ fixed” in space in relation to the 
surface of the earth, so as to provide map 
control which previously had to be surveyed 
on the ground. In 1943 a survey camera and 
some ancillary equipment were fitted during 
the operational trials of “Gee-H” (a well- 
known radar aid) and despite the crude 
arrangements, remarkably good results were 
obtained. Following a visit to South East 
Asia, the vossibility was brought to the notice 
of the Chiefs of Staff, and the necessary 
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investigations were given adequate priority. 
By use of these navigational aids, important 
developments have ensued in mapping and 
geoaetic surveying. 

During the period of evolution many new 
techniques and instruments have been 
evolved and developed, and British scientific 
technical skill has been well to the forefront, 
although one must state regretfully that in 
some cases, most of the fruits of this work 
have been lost to the country by official 
“ Jaissez-faire”—or maybe official higher 
priorities ! 

Air survey has now “come of age” in the 
technical sense, and is accepted not for its 
own sake, but as a means of providing data 
required by surveyors. 

The subject of this paper is vast, embracing 
most of the modern approach to surveying, 
and the paper, therefore, is in the nature of a 
general review. Academically, surveying has 
received recognition through the creation in 
1946 of the first Chair in Surveying and 
Photogrammetry in the Commonwealth at 
University College, London, to which the 
efforts of Sir Alexander Gibb, Mr. Colin 
Williamson and Professor H. John Collins 
contributed in no small measure. 


2. THE SURVEYOR AND 
DEVELOPMENT 


Before what may be called the “air age” 
of surveying, the tempo of economic explora- 
tion of undeveloped countries was slow, 
largely due to the inability of map makers to 
move rapidly from place to place when 
priorities changed, and provide maps of areas 
where they were wanted without undue delay. 

The acceptance of air methods and their 
development through research has resulted in 
a complete revision of our conceptions of the 
speed and effort necessary for surveys, 
particularly in inaccessible and undeveloped 
areas. The Land Surveyor can now, with the 
aid of the airman, speedily fulfil the require- 
ments of modern development. No longer 
is it a recognised practice to make ad hoc 
surveys for specific jobs, with little or no 
likelihood of assimilation to the national 
mapping system. The modern land surveyor 
(defined by the altitude of his product, rather 
than that of his picture platform!) has some- 
thing to offer which brings him to the 
forefront of schemes for economic and 
cultural development, and puts him on a 
basis of direct co-operation with all those 
concerned with scientific and economic 


614 


development. Previously the value of good 
maps, by virtue of the time-lag between 
requirement and production, was something 
of a hidden asset. Maps were useful if they 
were available, but the long-term value of 
their preparation to the community as a 
whole was rarely recognised, at the time when 
the work should have been initiated. It is 
unfortunately true that frequently transient 
political aspects have resulted in the surveyor 
being the first to feel the draught of retrench- 
ment. The advantages of increased speed 
and eventual overall economy of the use of 
air methods have often been over-shadowed 
by the high initial cost, whereas the greater 
actual cost through spread-over of depart- 
mental expenditure has not been realised. 

Generally, one can now say that there is 
every indication that short-sighted economies 
in national mapping programmes are less 
likely than before and vast programmes are 
in hand, for example, at home by the 
Ordnance Survey, in the Colonies and the 
Dominions. 

Expenditure on national surveys is com- 
paratively small, but has an investment value 
far beyond its initial cost in efficient long- 
term development. Even in this highly 
developed country, the effect of unwise 
economies between the Wars, causing the 
national plans to fall very much out of date 
has complicated the present urgent problems 
of mapping. 

In backward countries, with poor com- 
munications, surveyors would make journeys 
into the “bush” and spend several months 
away from headquarters, It was difficult to 
“switch” priorities, because of the time 
factor, and therefore the survey department 
had an almost impossible task when priorities 
changed. As an example: in one Colony 
where, after a good many years, only about 
fifteen per cent. of the country was covered 
with 1/100,000 maps, radar control has 
enabled large areas to be covered with 
provisional 1/100,000 maps with little ground 
control. 

In areas such as North Canada and Central 
Australia radar ranging from the air 1s 
enabling control to be established rapidly as 
a basis for reconnaissance and topographical 
mapping. 

At present the efficacy of air survey to 
large scales for engineering and _ similar 
surveys is becoming more recognised 4s 
photography, photogrammetric instruments 
and plotting techniques improve. 
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Air photographic reconnaissance coupled 
with the employment of geophysical methods, 
often gives an indication of physical 
structure, as well as topographical form to 
localise areas worthy of close inspection. 


3. THE SURVEY PROBLEM 


In making a map or plan, the surveyor 
must obey certain fundamental rules. He 
must work from “the whole to the part,” 
since in mapping an area, it is important that 
the map sheets should fit together. His 
framework is a primary triangulation survey 
by which he establishes a limited number of 
points accurately in relation to each other 
and to the earth. This is broken down into 
secondary and tertiary triangulations and the 
topographical detail is finally filled in to make 
the map. For the detail stage in the past, 
plane-tabling was generally used, but is now 
largely superseded by air photography, which 
enables a similar process to be carried out in 
the office. The survey design must be 
coherent, especially when one wishes to fit 
independent surveys together. During the 
War, for example, owing to the complexities 
of various national surveys, much trouble 
was caused by a discrepancy of some four 
miles in Central Europe, and in one early 
effort in assembling independent surveys in 
South Africa, blank areas had to be labelled 
“These areas do not exist.” 

Therefore, the surveyors must have a rigid 
framework which is still generally provided 
by field surveyors, although air survey is 
increasingly able to reduce the amount of 
ground work—particularly if radar methods 
are used—while for geodetic surveying, 
where wide gaps must be bridged, the new 
methods of radar ranging are proving 
invaluable as a means of providing a reason- 
able accuracy with much greater speed. 

In triangulation in the past the triangles 
were established by angular optical measure- 
ments, the sides being generally not more 
than 100 miles in length, scale being fixed 
by measured base-lines, and orientation by 
astronomical observation. Radar methods 
now enable sides of 500 miles or so to be 
measured directly with considerable accuracy. 

Surveying from air photographs presents 
problems which have no direct solution, and 
the surveyor must attempt to achieve the 
accuracy which his task demands since, like 
the engineer, he works to a specification. The 
method employed for a particular task should 
be the most efficient and economical for the 


purpose at hand, coupled with fulfilment of 
long term policies. Thus for many purposes 
maps can be made from air photographs by 
what is known as the “radial line” method 
(Fig. 1) where each photograph is used as a 
plane-table station, and there is a geometrical 
connection between alternate photographs. 
This often excites adverse comment from 
continental surveyors who stress and claim 
advantage for the greater accuracy which 
can be obtained from automatic plotting 
machines. Academically, generally they are 
correct, but if an accuracy of, say, three feet 
is sufficient, and can be obtained efficiently 
by a simple method, what is the use of undue 
elaboration to obtain an unrequired accuracy 
of three inches? That has always been the 
essence of the British approach in air survey. 


If the photography is perfect—i.e. there 
are no distortions due to lens or photographic 
materials, or obstruction due to haze or cloud 
—then the photograph presents a_ true 
perspective picture. Thus, if an air photo- 
graph is taken truly vertically over completely 
horizontal ground, the result is a true plane. 
There are, however, two main difficulties: 
(a) inclination or “tilt” of the axis of the 
camera from the vertical, and (b) variations 
of ground height, both resulting in distortions 
of photographic images from the position 
they would occupy in a true plan. 

The basic geometrical relationship of a 
pair of photographs is illustrated in Fig. 2. 

The effect of tilt is to present an oblique 
view and to cause variations of scale over the 
photograph. This effect can be seen by 
holding a circular plate squarely before the 
eyes, when it appears as a circle. If, however, 
it is rotated about a diameter it appears 
elliptical and eventually becomes a straight 
line when the “tilt” is 90°. 

Unfortunately, no one as yet has succeeded 
in defining the vertical accurately in the air, 
and for aerodynamic reasons, tilts cannot 
yet be reduced to limits which render 
them insignificant to the surveyor. For 
accurate mapping, the surveyor has to make 
photogrammetric observations for precise 
determination of tilt. 

Height distortion is important. If a vertical 
factory chimney is seen from, say, the top of 
a hill, both the top and bottom will be seen, 
although in plan these would coincide. This 
is height distortion, apparent in nearly every 
air photograph. 

For simple plotting at medium scales, it is 
possible to assume that angles measured from 
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the centre or principal point of the photo- 
graph are correct and this gives rise to the 
radial line method of plotting (Figs. 1 and 2), 
but when great precision and larger scales 
are involved, we must take cognisance of the 
fact that height distortions are radial from 
the plumb-point which is vertically below the 
camera lens at exposure, and that distortions 
are arising from scale changes due to tilt from 
another point called the iso-centre. 
Therefore, for certain classes of precise 
work the surveyor is forced to a “three- 
dimensional” approach, whereby the photo- 
graphs are set in their correct relative 
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S,,A, A, 


MODIFIED RADIAL ASSUMPTION 

For tilts greater than 2° when height variation 

is considerable, combined tilt and height distortion 

- is assumed radial from the plumb point. 
Tile distortion is radial from the isocentre, 

normally much smaller than height distortion, 

Fig. 2. 
Geometrical relationship of a stereo-pair of air photographs. 


|= Basal or Epipolar 
Plane of A 


RADIAL ASSUMPTION 
For tilts less than 
distortions 
,assumed radial from 
the principal point 


positions as at exposure. The exact 
geometrical solution is provided by employ- 
ment of what is known as the “epipolar” or 
“basal plane” principle. In Fig. 2 the 
point “a” in the datum plane has two 
photographic images A and A’ on the first 
and second photographs respectively. The 
five points S,, A, a, A‘, S, form the basal 
plane, S, and S, representing successive 
positions of the camera at exposure and 
providing the air-base. It can be shown 
mathematically that if five such pairs of 


photographic images are set in their correct 


basal planes, the photographs are correctly 
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orientated. All three-dimensional stereoscopic 
plotting machines, most of them costing 
thousands of pounds, are designed to enable 
this condition to be satisfied. 

In the ordinary way, the position of the 
aircraft in space is not known, and the 
absolute altitude is known approximately 
only from altimeter readings. The data 
therefore provides no means of establishing 
(a) accurate scale, (b) tilt, unless reference is 
made to fixed points on the ground. These 
points are known as “ground control.” The 
big advance made by the employment of 
radio and radar aids, apart from improved 
navigation, is that the aircraft position can be 
fixed in space and, by accurate navigation, 
the photographs can be so linked together 
that their tilts can also be determined with 
some accuracy. This provides the necessary 
information for map making under certain 
conditions, without recourse to the ground 
other than that at radar ground stations, 
which can be 200 miles or more from the 
photographic area. 


4. MODERN DEVELOPMENTS IN AIR 
PHOTOGRAPHY 


The ideal of air survey photography, 
unfortunately unrealisable, is that the photo- 
graphs should be taken vertically, at constant 
altitude, in strips exactly where required, with 
stereoscopic overlaps just sufficient to carry 
forward the survey triangulation along the 
strip and with lateral overlaps to enable the 
strips to be connected together. The nearer 
the ideal conditions can be fulfilled, the 
simpler becomes the surveyor’s task in 
providing a desired standard of accuracy. 

It is not proposed to discuss the navigator’s 
problems, which have been dealt with in 
particular by Saffery* and others, but rather 
the effects of departure from the ideal upon 
the survey as a whole and to consider the 
effects of employment of electronic aids. 

With good manual navigation, tilts can be 
kept down to 2° and course maintained 
accurately enough for many purposes but the 
accuracy of aircraft courses is increased and 
tilts reduced by employment of an automatic 
pilot. Attempts have been made to measure 
relative tilts by gyro-controlled artificial 
horizon, and relative tilts were found to be 
determinable to about half a degree, but 


* Saffery, J. The Navigator’s Problem in Air 
Survey. Jour. Inst. of Navigation, Vol. 2, No. 3, 
July 1949. 
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Fig..3. 


Installation of Williamson O.S.C. camera in Anson 
aircraft of Air Survey Co. Ltd. 


occasional random errors of much greater 
magnitude so far make it inadvisable to 
dispense with photogrammetric analysis. 

Precise gyro-stabilisation of camera mount- 
ings is still unrealised, but experimental work 
now in hand at the Royal Aircraft Establish- 
ment is promising. 

The surveyor wants accurate perspective 
depiction of the photographic image to 
within his own limits of measurement, thus 
the survey camera should be designed as a 
survey instrument, with the lens, non- 
distorting shutter, cone and register glass (if 
fitted), all built and calibrated as a unit. 
Such a camera is the Williamson O.S.C. film 
camera (Fig. 3) with a format 9 x 9 inches, 
six-inch Ross wide-angle lens, and instr 
ment records on the side of the main film. 

The flying of a block of survey photo- 
graphs involves considerable expenditure of 
flying time, photographic materials, and 
employment of photographic staff, and much 
technical effort is required from the surveyor 
before the final map can be produced. Itis 
essential therefore to ensure that the most 
satisfactory photographic materials are 
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employed and subsequently processed with 
great care to ensure minimum distortions. 

For large survey projects it is generally 
necessary to use film and the best results are 
obtained by using topographical-base film 
developed without stress, and dried very 
carefully under conditions which ensure 
minimum distortion. 

Under properly controlled conditions, the 
ultimate differential distortions on topo- 
graphical film base do not exceed 0.01 to 
0.02 per cent., which is quite adequate for 
all but large-scale work, or where it is 
required to bridge across several photographs 
without ground control. 

Reduction of image distortion is always 
important and since, in practice, in many 
cases it is economically desirable to use a lens 
which gives as wide a field as possible 
(about 95°) there are inherent distortions due 
to design, which have to be reduced before 
use is made of the photographs. For 
example, in Multiplex working (see Fig. 10) 
miniature diapositives are made on lantern 
slides from the original film by means of a 
reduction printer designed in conjunction 
with the survey camera and projector lenses 
so that the projected image is distortion-free. 
In one precise three-dimensional measuring 
instrument, the Wild Autograph A5 (see 
Fig. 12) a special refracting plate is inserted 


Fig. 4. 
Wild R.C.7 automatic plate camera. 


in the optical viewing system to correct the 
image positions or, alternatively a correcting 
printer is used to make positive trans- 
parencies with distortions eliminated. 

In cases where co-ordinate measurements 
are made in a precise stereocomparator, the 
prints are made on a non-distorting surface 
such as sensitised aluminium foil, corrections 
being applied from a distortion chart appro- 
priate to the camera. 

The fact that the surveyor can sometimes 
“make do” with less accuracy does not mean 
that he is by any means satisfied, since the 
better the photography, the higher can be the 
survey accuracy, simpler plotting techniques 
may be used and less ground control is 
required. 

A considerable advance in air photo- 
graphic technique for accurate large-scale 
mapping has been achieved recently by the 
introduction of the Wild R.C.7 automatic 
plate camera using glass plates and fitted with 
the new Aviotar lens (Fig. 4). This camera 
has a magazine of forty plates and automatic 
plate-changing device. The lens, with a field 
of 60°, is virtually free from distortion and 
has excellent resolving power. 

The present position therefore is that if air 
photographs are taken with due care and 
suitable aircraft and cameras, the surveyor’s 
requirements can be satisfied as regards 
accuracy, but his techniques still require to 
solve the unknown factors of tilt and height 
of aircraft, not yet provided accurately 
enough for him by the airman to satisfy all 
requirements. 


5. THE PRINCIPLES OF ELECTRONIC 
MEASUREMENT 


The application of electronic measurement 
to surveying has become possible because of 
the precision of the frequency of radio 
transmissions and the accuracy with which 
the time of transmission of signals may be 
measured. As an indication of the precision 
obtainable the D.S.I.R. began experimental 
standard frequency transmissions from 
Rugby on 1st February 1950, monitored by 
the N.P.L. to within two parts in 10°. 
(Times 4.2.50). 

Two methods have so far been used for 
survey measurements. 

(a) Radar, which is simply a method of 
superimposing pulsed signals on radio 
waves, so that accurate times of trans- 
mission of signals are measured. 
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(b) Phase-difference of continuous-wave 
radio whereby positions may be fixed by 
measuring the difference of phase from 
two pairs of stations, if a starting point 
for calibration is known. The Decca 
Navigator works on this principle. 

Surveyors have made use of these tech- 
niques as follows for: 

(i) Strip navigation; 

(ii) Fixation of an aircraft in space in 
relation to remote radar controlling 
stations at the instant of exposure of an 
air photograph; 

(iii) Measurement of long lines on the earth. 


The method used has been mainly the 
radar method of instantaneous range 
measurement synchronised with photography 
from the aircraft to two accurately located 
ground stations (Fig. 5). The aircraft is 
flown along a circular track at constant 
range from one station. Range measure- 
ments from the second or rating station are 
used when photo-positions are required to be 
fixed. Charts are constructed which consist 
of range circles concentric with two stations 
(Fig. 6a). 

Alternatively a hyperbolic system of 
navigation may be used (Fig. 6b). The 
“Gee” system of radar navigation has no 
particular application for survey. The Decca 
Navigator, which is having increasing survey 
applications, is a low-frequency continuous- 
wave system, also operated from a master 
and two slave stations. Positions are fixed 
by the intersection of lines of equal phase- 
difference from the two stations, and these 
lines enclosing the lanes are similarly hyper- 
bolic. It appears so far, that the actual 
accuracy of navigation at similar ranges may 
be of the same order as the radar method 
and in some cases for relative spacings, 
better. It is perhaps not quite so convenient 
as the “circular” systems for arranging 
flying programmes, but on the other hand, 
ranges may be recorded up to 1,000 miles, 


7 ~ H denotes height of aircraft above M.S.L. 
h, denote height above M S.L. of 
A H 
ground radar stations A and B respectively 
A B‘C’ is a spherical triangle at M.S.L. 


Fig. 5. 
Radar fix. 
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Fig. 6. 
Circular and hyperbolic systems for obtaining fix, 


although with rapidly decreasing accuracy. 
It can also be used for hydrographic surveys 
and for fixation of ground points when free 
from local interference, since the optical 
range condition is not necessary as it is for 
radar with frequency high enough for 
accurate survey measurement. 

For single radar range readings the total 
probable random error is about +50 metres 
for the Gee-H type of equipment with a wave 
length of 7-10 metres, and about +20 metres 
for “Oboe” or “Shoran” with wave lengths 
of about one metre or less. The latter can 
be reduced to 5 metres under static 
conditions. 

The high frequencies used for radar 
measurement are effective only within the 
optical range. For air survey it is generally 
sufficient to assume a mean rate of propaga- 
tion for the particular conditions, but the 
requirement is much more stringent for static 
observations, and careful data must be 
gathered about atmospheric conditions and 
correction applied accordingly to allow for 
variations in the rate of propagation. 

When low-frequency systems are employed, 
day-to-day variations of propagation velocity 
are marked and are difficult to allow for and 
this affects application of the system for 
survey fixes, although local relative 
accuracies can be very high. 


6. SURVEY NAVIGATION BY 
ELECTRONIC METHODS 


Radar navigation for controlling photo- 
graphy has proved effective since any part 
of a block of photographs may be flown 
accurately at any convenient time by this 
means. The method mainly used so far 
has been that of instantaneous range 
measurement by radar, simultaneously with 
photography, from the aircraft to two 


accurately located ground stations, or vice 
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versa. Knowing the location of the stations, 
the two slant-range measurements, and the 
approximate altitude, the position of the 
aircraft may be determined in relation to the 
earth’s surface. Also, the ranges for a 
particular position may be pre-determined, 
and the aircraft navigated to that position for 
an exposure. The aircraft is flown along a 
circular track at a constant distance from one 
station and approximate range readings from 
the second station determine the beginning 
and end points of the strips. The overlaps 
may be matched laterally where this is 
desired. Alternatively, for stripping, one 
radar station is sufficient if there is adequate 
detail mapped for identification of terminal 
points. The one-station method has been 
used over considerable areas of the African 
Colonies. 


When no suitable maps exist the ground 
stations may be plotted on a blank graticule 
and the range for each strip determined, first 
by selecting an arbitrary starting range, and 
subsequently, by computing the radar range 
difference for the required lateral overlap. 
When the aircraft is following the required 
track in the case of “Gee-H” (which has 
ben most frequently used), the corresponding 
reading shows on the cathode ray tube, but 
it is advantageous to couple an aural signal 
to the pilot to indicate “on” or “ off” track. 

A flying programme is prepared giving 
track readings and also individual ranges for 
each photograph from the second station if 
fixation is required as well. The aircraft is 
brought on to track and steadied before the 
beginning of each run and to establish fix, 
the reading of a second cathode ray tube may 
be recorded on an automatic observer (Fig. 7) 
at the instant of photography. 


Gap-free blocks have been flown con- 
sistently even when strips are flown on 
different sorties. As examples of experi- 
ments which established the use of radar, air 
photographs of Anglesey were taken from 
“Gee-H” stations, 160 and 110 miles away 
respectively, at a scale of 1/54,000 with a 
six-inch lens, the maximum variation of 
overlaps both laterally and longitudinally 
being +4 per cent. from those specified 
(Fig. 8). The flight plan of a series of control 
strips similarly flown in the neighbourhood 
of Norwich, with the same camera, at a scale 
of 1/28.000 gave a maximum variation of 
overlap from standard of +6 per cent., which 
is more accurate in actual distance owing to 
the larger scale. 
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Fig. 7. 
Automatic observer record. 


Greater accuracy was obtained with the 
more complicated “Oboe;” with a similar 
camera and photo-scale of 1/17,500 the 
maximum variation of overlap was +5 per 
cent., or three times the Anglesey accuracy. 

The effect of such control is that for 
photography at 1/20,000 the specified lateral 
overlap may be cut to about 15 per cent. with 
certainty of complete cover, as against 25-30 
per cent. under ordinary conditions. 

particular difficulty has been 
experienced in dealing with strips flown on a 
curved track of not less than about 30 miles, 
but straight line tracking would be an 
advantage in stripping with the run of the 
topography, and it is anticipated that this 
will be possible in the near future by a 
straightforward technique. In any case the 
economy of photography is considerable, 
but comercially so far the cost of the equip- 
ment is too high, unless it has an alternative 
use. 

An important advantage of radar naviga- 
tion and fixation of air photographs is that 
when it is necessary to avoid delays in the 
preparation of the map, the flying programme 
may be computed geodetically, and the actual 
positions will be found to correspond closely 
enough to allow of simple interpolation for 
the absolute fix. 

An example of a portion of a Decca 
Navigator lattice chart is given in Fig. 9*. 


* Miskin, E. A. Air Survey Equipment. British 
Engineering, Vol. 32, No. 51, December 1949. 
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Fig. 8. 
Anglesey block of radar controlled photography. Test G.H. 2/6 Anglesey. 


The readings are made on Decometers, 
as shown in the inset. These can be 
photographed in an automatic observer 
synchronously with air photography or used 
for tracking. The dials record “ phase- 
difference,” but by setting at a known point 
the absolute position can be determined. 
This system is proving of value for strip 
navigation and relatively, it is more accurate 
than the radar methods, despite day-to-day 
anomalies in propagation rates due to the 
effect of atmospheric conditions on the long- 
wave lengths of 3,000 metres or so. It can 
be used advantageously where a Decca 
Navigational Chain has _ been installed. 
Tracking is either effected by flying along a 
lattice or lane direction, or by a navigational 
plotting technique along a straight line. 
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As an example of the effectiveness of this 
system the Ordnance Survey now specify 
Decca Navigation for some of the photo- 
graphy which is done for them by the Royal 
Air Force*. As an example, photography at 
1/2,500 scale with a 20-inch lens for 1/1,250 
Town Re-Survey where the distance between 
flight lines is only 250 yards, and where 
small tilts and deviations can result in serious 
loss of overlap. In a comparison which was 
made between visual and Decca Navigation, 
about 24 times as many photographs were 
required to cover a given area effectively by 
visual navigation as with Decca Navigation. 
It was found that whereas 64 Decca- 
controlled photographs were needed a 


* Information supplied by D.G.O.S. 
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Decca Navigator chart and decometers. 


square mile, often as many as 150 were 
required with visual navigation. One area of 
35 square miles in Central London was flown 
with Decca control, without any gaps in 
lateral overlap. The uniformity of flight lines 
makes their recording much simpler. 

The object is to fly parallel straight lines 
along the lanes at a constant overlap, and 
provided that the strips are kept short enough 
to avoid sensible variations due to changing 
width of the Decca lanes, it is clearly estab- 
lished that the R.A.F. is enabled to provide 
much more accurately than before, the strip 
photography required by the Ordnance 
Survey for their new large-scale plans. 

It may be mentioned here that the Decca 
Navigator Co. have developed a light-weight 
Survey Chain, whereby the ground stations 
are much more easily transportable than 
before, so that the system can be effectively 
used in undeveloped countries or other areas 
where there is no ordinary navigational chain. 

Navigation in strips of the order of 
accuracy described, enables the surveyor’s 
requirements to be more nearly satisfied and, 
with accurately flown strips, his methods of 


plotting can be simplified and his accuracy 
increased. 


7. METHODS OF MAP-MAKING 


The two basic methods of mapping, 
namely the “radial line” and “ basal plane ” 
have already been mentioned. Generally 
speaking, in this country for topographical 
mapping and where tilts can be limited to 
2° or less and ground height variation is not 
more than 10 per cent. of flying height over 
an overlap, the radial line method is used for 
plan, generally now by the mechanised 
process known as the “slotted temple” 
method (Fig. 1b), where slotted templates are 
cut and fitted together so that the radial lines 
intersect at the common points used to carry 
forward the photo-triangulation. Unless 
there is adequate ground height control on 
each overlap, however, the process of 
contouring is laborious and not very accurate, 
although there are several quite good 
methods for producing form lines. For 
production of contours, the basal plane 
principle is usually employed, and for this 
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Fig. 10. 
Principle of the basal-plane as applied to the Multiplex method. 


purpose the “ Multiplex ” method is adopted: 
and quite frequently it is used for the whole 
process of mapping. The principles are 
illustrated in Fig. 10 (see also Fig. 2). Smali 
glass diapositives of each photograph are 
inserted in projectors and the image projected 
through a red or green filter. A stereoscopic 
pair so projected, one through each 
colour, and set by adjustment in correct 
relative position, gives a three-dimensional 
impression when viewed through a pair of 
spectacles, with complementary green and red 
filters respectively. The model can be set to 
scale either by reference to plotted ground 
control or to a previously drawn _ slotted 
template plot. It is also possible to plot 
detail and contours along a strip of photo- 
graphs by this method. The Williamson-Ross 
S.P.3 equipment (Fig. 11) is being used in 
Great Britain, in the Commonwealth 
generally and in many other parts of the 
world. 
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When it comes to precise large-scale 
mapping, air survey can often compete with 
ground methods only in special cases and 
particularly where access is difficult, or where 
the time-factor is important; nevertheless the 
availability of photographs for continuous 
inspection and other methods is increasingly 
making its use a sound proposition. Here, 
except perhaps where there is dense control 
and where contours are not required, the 
radial line approach must be abandoned and 
resort made to photography on glass plates 
and use of precise three-dimensional plotting 
machines, such as the Wild Autograph AS, 
the Poivilliers-S.O.M. Stereotopography or 
the Santoni Aerocartograph. The Wild 


instrument, for example, is in operation in 
Great Britain at present, at the Ordnance 
Survey, Hunting Aerosurveys and University 
College, London (Fig. 12). For large-scale 
surveys it is always necessary to make some 
measurements on the ground, and as an 
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Fig. 


11. 


Williamson-Ross S.P.3 Multiplex equipment. 


example of cost, the Netherlands Public 
Works Department, which carries out most of 
its contoured plans at a scale of 1/1,000 by 
photogrammetric methods, claims that com- 
paring the overall expenditure of all ground 
survey, with combined air and ground 
survey, the latter method saves about 25 per 
cent. of the cost. 


8. SOME RECENT EXAMPLES OF 
PHOTOGRAMMETRIC MAPPING 


For topographical mapping no large 
scheme will ever again be undertaken without 
air photographs; the hey-day of the 
expert field plane-tabler is over, and most of 
his duties are now transferred to the office. 

Photogrammetric advances are in the 
direction of improving photographic and 
mapping accuracy, while aiming at maximum 
economy and reduction of work on the 
ground. Many thousands of square miles 
have been mappedssince the end of the 1939- 
45 War, from radagr-controlled photographs 
taken by the RAF. by a combination of 
slotted template and multiplex. During the 


1939-45 War, the “floating plane” method 
was evolved, whereby the ground control 
required for contouring was reduced by 
referring to a horizontal datum which could 
be inferred from the topography. This 
method has now been applied to multiplex 
mapping and developed with considerable 
success by the Colonial Survey Directorate. 
Topographical surveys of similar magnitude 
are in progress all over the world. 

It is, however, for medium and large-scales 
that photogrammetry is now in process of 
establishing itself as a result of advances in 
techniques and improvements of accuracy. 

In Great Britain air survey is looked upon 
as a method of surveying to be used when it 
is desirable, expedient and economical to do 
so. Without going into detail, it may be said 
that the use of air survey for both 1/1,250 
and 1/2,500 scales has been accepted by the 
Ordnance Survey, although much of the work 
has still to be done on the ground. Contours 
are not required and the general approach is 
through the simple radial-line method with 
certain modifications. The Cambridge 
Stereocomparator (Fig. 13) is used for precise 
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Fig. 12. 
Swiss Wild A.5 Autograph as used by Hunting Aerosurveys Ltd. 


stereoscopic measurement in breaking down 
the control. The chief difficulty has been the 
amount of computation required, but the 
results of recent researches at University 
College, London, indicate that this can be 
reduced. 

Since Ordnance Survey large-scale plans 
do not show contours required for develop- 
ment, an important task of the two 
companies in the country concerned with air 
survey, namely the Air Survey Co. and 
Hunting Aerosurveys, has been to provide 
them where required for planning or 
engineering purposes. For commercial large- 
scale surveys, contours are almost invariably 
required and the companies do not employ 
radial triangulation, except where they are 
engaged on topographical mapping. 

Photogrammetry has certain limitations for 
large scales, and it has, in the past, generally 
been accepted that 1/1,000 is about the 
limiting scale. At large scales, air survey 
must always be carried out in conjunction 
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with some ground measurements, particularly 
on account of screening of detail. 

Late in 1947, Hunting Aerosurveys under- 
took an experimental survey for the (then) 
Southern Railway* of Bournemouth Central 
Station, with track and marshalling yards at 
a scale of 40 feet to one inch (1/480). The 
photographs were taken with a plate camera, 
having a lens of negligible distortion con- 
trolled by carefully surveyed ground points, 
plotted by Wild AS Autograph. The results 
of the experiment showed that overall 
planimetric accuracies of 9 inches could be 
obtained, and that the photogrammetric 
detail fitted efficiently into the “ground 
surveyed ” positions, such as crossings which 
must be measured on the ground, Many 
lessons were learnt as to the relationship 
between ground survey and photogrammetry 


* Dawe, H. G. Large-Scale Precision Mapping by 
Photogrammetric Methods. Photogrammetric 
Engineering (in the Press). 
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Fig. 13. 
Cambridge stereo-comparator. 


at these scales, and the experiment was 
considered successful, and economically 
worth while. Early in 1949, the Southern 
Region of British Railways called for a 
survey of the electrified railway from South 
Croydon to Purley Junction on the same 
scale. The work was carried out by co- 
operation between Hunting Aerosurveys and 
the railway surveyors and the results have 
shown that the 1/480 plan produced almost 
entirely by photogrammetric measurement 
provides a standard of accuracy acceptable 
for railway engineering. 

Many surveys are now undertaken at large 
scales for public and commercial under- 
takings; for public works, mining companies, 
quarries and so on. As a final example, 
Fig. 14 shows a portion of a quarry survey, 
with corresponding photograph carried out 
by the Air Survey Co. with the aid of 
Multiplex equipment. 

It is difficult to get at a precise statement 
of the proportion of detail to be surveyed on 
the ground and from air photographs. This 
depends upon the outlook of the surveyor 
and the specification to be fulfilled. The 


surest sign of the efficacy and economy of 
air photography for inspection and plotting at 
large scales is the increasing use to which it 
is being put by bodies which already have 
their own ground survey department. 


9. MAPPING BY REMOTE CONTROL 


In addition to the control of navigation for 
strip photography by electronic methods, 
when the aircraft is fixed in space synchron- . 
ously with exposure of the photograph, it 
is possible to use such fixes as control. 

Although the hyperbolic method of fixation 
can be used in certain cases for this purpose, 
the circular fix has certain advantages. This 
particularly applies to the “angle of cut” of 
the rays being better conditioned over a 
wider area, and it is proposed here to 
describe briefly this aspect. 

Surveying from air photographs has, until 
recently, been complicated by lack of direct 
knowledge of the position in space at the 
instant of photography. An elaborate pattern 
of ground-control points has been necessary 
to correct the photo-images for unknown 
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(b) Reduced mosaic of the same area. 
: Fig. 14. 


Specimen of 1:2500 mapping of a granite quarry (opposite) with a reduced photographic mosaic 
of the same area by the Air Survey Co. Ltd. 
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PRINCIPAL POINTS & PLUMB POINTS 
DENOTED BY P&V RESPECTIVELY 


Fig. 15. 
The “three corner” method. Lateral and forward overlaps between three air photographs. 


location, scale and inclination of the photo- 
graphs. 

The aircraft fix is computed by spherical 
trigonometry and the positional error in 
relation to the earth’s surface as defined from 
the remote ground controlled stations is 
dependent upon the range errors and the 
angle of cut of the rays at the aircraft. For 
a circular system (Fig. 5) with a random 
range error of +20 m., the fix error for a 
30° angle of cut will be of the order of 
+60 m., and this factor limits the area of 
survey coverage from a pair of radar stations. 
This is even more significant for hyperbolic 
systems (Fig. 6b). 

If photographs are flown by radar control 
with about 60 per cent. overlap both forward 
and laterally and lateral matching (Fig. 8), the 
pioneer “Three Corner Method” (Fig. 15) 
may be used to establish control points on 
the ground from the photographs. Four 
photographs contain a common overlap, a 
solution being found from that common to 
three photographs, the fourth being used as 
a check. 


The process is in four stages: 
(i) Measurement of the relative tilts 
between photographs | and 2, and 2 and 
3 by precise photogrammetric methods; 
(ii) By reference to the differences of altitude 
measured between exposures, the slope 
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of the “air station plane” S,, S,, S, can 
be found and therefore the tilt of each 
photograph relative to the ground. 


(iii) From accurate stereoscopic measure- 
ments on the photographs it is possible 
to calculate the position in space of 
certain control points in relation to the 
“air station plane.” 

(iv) From the slope of the “air station 
plane” to the horizontal the plan 
positions on the ground and relative 
heights of the control points can be 
found. 


This provides sufficient data for preparing 
a map, with quite accurate relative contours, 
with no access to the ground other than that 
at the remote radar controlling stations. 

The first experimental block was flown 
near Royston in Hertfordshire in 1944, some 
85 miles from the ground stations, the aircraft 
being a Fortress, with automatic pilot giving 
steady conditions for altimetry. A Kollsman- 
type altimeter, reading to about 5 metres, was 
recorded at exposure, since a statoscope was 
not available. Four strips each of seven 
photographs were used for production of an 
experimental map. A six-inch lens was used, 
the photo-scale was about i7,000, and 4 
1/25,000 map covering some 65 sq. km. was 
produced. A 1/25,000 map was prepared and 
overprinted on the corresponding Ordnance 
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Survey map. The random error of plan 
position was about +20 metres and of 
relative height about +10 metres. Analysis 
of some 500 points of detail gave probable 
relative errors of +8 metres and +4 metres 
in plan and relative height respectively. 

The man-hours required for sucn full 
investigation proved prohibitive, and sub- 
sequent work was devoted to simplification 
of procedure. Several methods were tried. 

For plan, a simple and practical method 
giving comparable accuracy was to compute 
basic control at intervals of seven overlaps 
or so, giving five detail (or principal points) 
in each corner of a block. Slotted template 
assemblies based locally upon assemblies to 
groups of control points were improved by 
introduction of the “floating stud” by 
Trorey. This is a slotted template stud 
contained in a metal ring, and tensioned by 
three or four springs. A “floating stud” is 
used for each point of radar control and 
takes up a position of minimum strain in 
relation to the assembly, thereby auto- 
matically obtaining a mean fit and detecting 
gross errors. This method has_ been 
developed considerably by the Colonial 
Survey Directorate. 


Relative tilts may be determined along the 
strip, and the absolute values deduced by 
summation along and transversely to the 
direction of flight on the assumption that 
there are constant corrections for particular 
flying conditions. This allows of reduction of 
lateral overlap from 60 per cent. required for 
the “ Three Corner ” method, to 20 per cent. 
and may well prove an effective means of 
employing radar fixes in conjunction with 
air triangulation. The employment of 
statoscope methods for measurement of 
relative altitude is considered essential if 
accuracy contours are required. 

As a further example of a plan produced 
by “Gee-H” the Anglesey survey already 
quoted may be mentioned (Fig. 8). The 
“Three Corner” method was used in two 
diagonally opposite positions and a stereo- 
comparator traverse run round the block. 
The complete plan control was produced in 
39 man-hours, and after compilation of a 
one-inch map, the systematic error compared 
with the Ordnance Survey map was 50 metres 
while random errors were +70 metres. 
Analysis of some 500 points of detail over 
the area of 800 sq. km., gave a probable error 
compared with the ground survey of +25 
metres, 


Recently simplified applications have been 
put into eifect, based upon the experimental 
results obtained during the 1939-45 War. 

Altimetry still presents a major problem. 
Usually relative altimetry by statoscope 
methods can be achieved with reasonable 
accuracy, but that of absolute altimetry is 
still unsolved. It is impossible to discuss in 
any detail here, but the essence of the 
problem is that the surveyor requires 
altitudes above mean sea level, and for this 
he must so far rely upon barometric 
altimetry, which depends for measurement 
upon a standard atmosphere. Given complete 
knowledge of conditions of the atmospheric 
column between ground and: aircraft, the 
necessary corrections can be made, but they 
are very complicated except for approximate 
results. Radar altimetry records the nearest 
point on the earth to the aircraft within the 
area of the beam, now narrowed to 14° or so, 
and accuracies of direct measurements to 
20 feet have been claimed. If the aircraft 
were a stable platform and did not vary in 
relation to mean sea level, along a strip, then 
the accuracy of ground profile determination 
would depend upon that of the altimeter. 
The Airborne Profile Recorder of the Photo- 
graphic Survey Corporation of Canada has 
been developed to measure and record 
ground profiles for air survey. The method 
seems to have great possibilities for the 
future for pipe-line surveys and topographical 
mapping, and doubtless once the other 
unknown factors can be controlled, it will be 
possible to take full advantage of the 
accuracy claimed for the profile recorder. 
Nevertheless, it should at once prove of great 
value for reconnaissance. 


10. THE NEW GEODESY 

Radar range measurement of long lines 
involves flying an aircraft a number of times 
across the base between two radar stations. 
The minimum sum of ranges gives the point 
of transit, and reduction to the arc distance 
between stations can be made accurately, 
even if the aircraft altitude is not known 
precisely. 

The method arose originally from a 
method employed for calibration in con- 
nection with the early experiments in radar 
survey carried out by the War Office from 
1943. 

For geodetic measurement we are limited 
to the ultra short-wave group of about one 
metre or less since the accuracy required is 
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of a very much higher order than for general 
navigation, or for some air survey purposes. 
The limit of accuracy for precise measure- 
ment is by no means reached. 

Ranges measurable directly by radar are 
several times greater than anything possible 
by established optical methods. It has, 
therefore, been necessary to review the 
methods by which long lines on the spheroid 
have been computed in the past, since the 
accuracy of the standard must be established 
before that of radar ranging can be assessed. 
Distances measured experimentally by radar 
ranging are compared with the corresponding 
geodetic distance on the selected figure of the 
earth. 

In addition to the elimination of errors of 
measurement of time and assessment of 
residual errors, accuracy of measurement of 
range by radar methods depends on a precise 
knowledge of the speed of propagation of 
the radio waves, and upon the path taken by 
them. The speed of propagation of electro- 
magnetic waves in free space is theoretically 
independent of frequency and therefore equal 
to the speed of light. 

Although the basic speed is known 
accurately enough for most navigational and 
air survey purposes, the greater accuracy 
of time measurement achievable by ultra- 


short wave systems necessitates more 
accurate knowledge of the fundamental 
speed. 


In general, speed of propagation of short- 
wave radio waves in the air approximates 
that of light waves. For purposes of 
measurement of distance from time of trans- 
mission, the external influences on straight 
line transmission in free space must be 
assessed. These are principally: 

(a) atmospheric conditions 

(b) proximity of the ground 

(c) diffraction: the property exhibited by 
electro-magnetic waves of bending round 
the earth. 

Owing to the presence of the atmosphere, 
wave-length becomes a significant factor and, 
in general, accuracy of measurement and 
range of effective transmission are respec- 
tively inversely and directly proportional to 
it. 

The assumption of average daily or 
seasonal rates of propagation, although 
satisfactory for most navigational and some 
survey requirements, is unsatisfactory when 
observations of high geodetic standard are 
undertaken. 
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In addition examination of local data 
shows that the deviation from linearity of 
the relationship between height and refraction 
may give rise to inaccuracies significant for 
geodetic purposes, so that knowledge of such 
local conditions is fundamental to the 
employment of radar measurement for 
geodetic purposes. Much research work 
remains to be carried out in this connection, 


The first full-scale experiment was made 
in Italy in 1945, where measurements were 
made of a series of long lines undertaken by 
this method with previously calibrated 
apparatus. A base 618 km long measured from 
the mean of 22 flights at altitudes between 
11,000 and 15,000 feet, gave an estimated 
accuracy, after investigation of propagation 
conditions, of between 1 in 20,000 and 
30,000. Analysis of the range gave a 
probable error of +16 metres for a single 
reading and +3-°5 metres for the arithmetic 
mean. 

The original computation was based upon 
a speed of propagation derived from Michel- 
son’s value of the speed of light in vacuo 
using Englund, Crawford and Mumford’s* 
formula. After applying corrections the 
measured base length was 618,320+3°5 
metres while the computed length was 
618,369 metres. Thus, although the arith- 
metric mean gave a probable error of only 
one part in 200,000 there was in addition a 
systematic error of one part in 15,000. By 
using the value of the speed of light 
determined by Essent, the systematic error 
of 49 metres was reduced to about 5 metres. 

An indication of the present accuracy 
obtainable has been derived by Jones and 
Cornfordt, § in their experiments on 9 cm 
Oboe. 

Although Jones’s experiments were 
primarily made for purposes of assessing 
speed it is possible to form an estimate of 
survey accuracy based upon the most reliable 
value of speed. 

By using the Essen value for the speed of 
light which corresponds almost exactly with 


* Englund, C., Crawford, A. B. and Mumford, 
W. W. Bell System. Tech Jour. Vol. 14, 1935. 
Vol. 17, 1938. 


+ Essen, L. Letter in Vol. 195, 


“ Nature,” 


No. 4044, 3 May 1947. 

t Jones, F. E. Measurement of Velocity of 
Propagation of Centimetre Radio Waves. Jout. 
LE.E., Vol. 94, Pt. III, No. 32, 1947. 

§ Jones, F. E. and Cornford, E. G., Ibid. 
LE.E., Vol. 96, Pt. III, September 1949. 
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that now considered by scientists in the 
U.S.A. to be the most reliable; by reduction 


of instrumental errors to the minimum, - 


and accurate assessment of atmospheric 
conditions, it is possible to measure distances 
with an error of less than 5 metres, 

For geodetic measurement the Shoran 
system has been most frequently used, and 
extensive experiments have been made. The 
first large-scale experiment was from 
Florida, by way of the Bahamas to S. 
America, and others have been made in the 
U.S.A., Australia and Canada. Many of the 
early difficulties have been overcome, and 
the method of flying across the base between 
radar stations has become well established. 

The results of experiments carried out in 
Canada in 1948,* based upon a geodetic 
triangle, give an indication of the accuracy 
attainable at present: 


Line No. of Geodetic Shoran Dis- Accuracy 
flight Length Length crepancy to one 
crossings (miles) (miles) (ft.) part in 

A 27. 217.3787 217.3819 +17 68,000 
B 17 273.0865: 273.0832 83,000 
c 11 217.0887 217.0970 +44 26,000 


It was concluded that probably about 
16 line crossings are needed to give an 
accuracy considerably better than one in 
30,000. This accuracy is expected to be 
doubled with improved equipment. The 

ethod has been accepted as accurate 
enough for providing control in Northern 
mapping operations, and it is stated that the 
positioning of stations by Shoran is definitely 
of very much superior accuracy to that 
obtained by astronomic fixation. 

The work done so far shows clearly that 
the whole approach to geodetic surveys in the 
future must be modified, due to air survey 
methods. Here at last is the opportunity for 
world unification of triangulation nets. After 
further research it may well be possible to 
advance the study of the figure of the earth 
to an extent where a satisfactory world figure 
may be evolved. 

It is necessary to point out that the 
indications so far are that the employment of 
radar will enable long connections to be made 
and assist in the assimilation and adjustment 
of frameworks, but there is no question of 
dispensing with present angular methods of 
normal triangulation work. 


* Geodetic Survey of Canada. Shoran Experiments 
over the Geodetic Survey Framework in 
Ontario and Quebec. Bulletin Geodesique, 1949. 
Canadian Surveyor, Vol. IX, No. 12, April 1949. 


11. CONCLUSIONS 


It has been impossible in the space of one 
short paper to give more than an indication 
of the important part which air survey is 
playing in modern development. For 
instance, the use of airborne magnetometer 
surveys for prospecting. With the help of 
the airman, methods of surveying have now 
advanced far beyond the more or less static 
position occupied for many years; the modern 
surveyor and airman have grown up together 
and their team work has enabled such 
progress to be made that their joint contri- 
bution to economic development and its 
urgent needs is now fully recognised. 

As an idea of perhaps the next phase, it 
is likely, too, that helicopters will be used 
extensively in the future for large-scale 
surveys. Air Survey is playing an ever 
increasing part in developed and undeveloped 
countries, alike, in order to fulfil the urgent 
economic needs of the modern world. 


ACKNOWLEDGMENTS 


The author acknowledges the assistance of 
all those who have helped in the preparation 
of the paper, in addition to those specifically 
acknowledged. 


Acknowledgment is also made to the 
Royal Society, the Royal Geographical 
Society and the Institution of Civil Engineers, 
for permission to reproduce the following 
figures: — 

Figures 5, 7, 15(b) from Report of the 
Empire Scientific Conference, Vol. I, 
1948 (Royal Society). 

Figure l(a) from Air Survey Pamphlet; and 

Figures 1(a), 2, 10, 15(a) from Hart, C. A.; 
Air Survey: The Modern Aspect. 
Geographical Journal, Vol. CVIII, Nos. 
4-6, April 1947 (The Royal Geographical 
Society). 

Figures 1(b), 6,11 from Hart,C. A. Wartime 
Applications of Air Survey. The Civil 
Engineer in War, Vol. IIL (The 
Institution of Civil Engineers). 


In addition to the references in the text the 
following papers by the author have been 
referred to in the preparation of this paper. 
1. Surveying from Air Photographs fixed by 


Remote Control. Empire Scientific Conference, 
1946. Roy. Soc., 1948. 


2. Modern Mapping including the Employment of 
Radio Techniques. Ibid. 


Air Survey: the Modern Aspect. Geogr. Jour. 
Vol. CVIII, Nos. 4-6. April 1947. 


633 


j 

) + 3-5 
was 
arith- 
only 
tion a 
. By 
light 
error 

ietres. 

uracy 
s and 
9 cm 


C. A. HART 


4. Recent Advances in Air Survey and their Appli- 
cation. Conference of British Commonwealth 
Survey Officers, London, 1947. Jour. R.1.C.S., 
Vol. 27, Part V, November 1947. 

5. Some War-time Applications of Air Survey. 
Civil Engineer in War, Vol. 3. I.C.E., 1948. 

6. Some Aspects of the Influence on Geodesy of 
Accurate Range Measurement by Radio 
Methods. Bulletin Geodesique. Paris. No. 10 
(New Series), October 1948. 

7. Report on Survey Work and Requirements in 
Britain. Federation Internationale des Geo- 


metres, 1949. Jour. R.1.C.S., Vol. XXIX, Pt. 
IV. October 1949. 


8. The Influence of Modern Methods of Survey- 
ing on the Advancement of Public Works 
Engineering and Town Planning. Bossom 
Gift Lecture, Chadwick Trust. November 
1949 


9. Jointly with B. F. J. Bradbeer. Photographic 
Surveying in relation to Road Engineering in 
Highly Developed Countries. Road Paper 
No. 26. 9th March 1948. LC.E. 


DISCUSSION 


E. A. Miskin (University College): Prob- 
ably because the title of the paper was “ Air 
Survey,” the word “ photogrammetry” had 
been used solely in its application to air 
survey. He was sure Professor Hart would 
agree that photogrammetry had a much 
wider field of application than air survey 
alone. 

In 1944 radar was probably more accurate 
than it was in 1950, while the display had 
changed but little; there seemed to have been 
some retrogression in the use of that aid by 
the surveyor. On the other hand, there had 
been a corresponding increase in the use of 
radio navigational aids. It seemed that they 
had been rather backward in Great Britain, 
for whereas in 1944 and 1945 they were 
producing results for the Canadians and the 
Americans, in 1949 and 1950 the Canadians 
and Americans were producing the results. 

The aircraft used for air survey by the 
Services nowadays were principally fighters 
of the Mosquito type, or bombers of the 
Lancaster type. The commercial firms were 
using aircraft which he considered to be 
more suitable for air surveying, types such 
as the Anson and suitably adapted modern 
twin-engined aircraft. 

They had seen developments of cameras 
by the Swiss and the French, but there had 
been no reference to a modern plate camera 
which might have been developed in Great 
Britain. 


Group Captain F. C. V. Laws (Air Survey 
Company): Much had been said about tech- 
nical developments during and since the 
1939-45 War, but little about the financial 
aspects of air survey which, from his point of 
view, was a vital factor. 

He had had the privilege of being Chair- 
man of a Committee appointed to investigate 
the application of radar to air survey. At 
that time Professor Hart was the Research 
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Officer responsible for carrying out the 
recommendations of that Committee; this he 
had done as would be expected, with that 
detailed efficiency for which he had _ been 
noted in survey matters for many years. He 
had said quite rightly that radar control was 
likely to be beyond the scope of the air 
survey companies; that was only true insofar 
as those companies had not as yet been 
favoured with Government contracts of 
sufficient magnitude to enable them to invest 
in such equipment. 

His Company was frequently faced with 
what might be described as a conglomerate 
of jobs so far apart that the employment of 
radar aids would be wholly uneconomical, 
nevertheless successes in operations had been, 
and were still being, achieved by other 
methods. 

Professor Hart had referred to the necessity 
for the airman, surveyor and the photo- 
grapher, in fact the complete team involved 
in the operation, to work closely together; 
that was really the most important factor in 
the commercial world of air survey. Tech- 
nical improvements were of little avail 
without a sound organisation, a skilled staff 
and an adequate financial backing. 

Since the beginning of air survey as a com- 
mercial enterprise, aircraft constructors in 
Great Britain had produced the backing 
which had enabled at least two companies to 
produce world-wide organisations operating 
throughout the British Empire. Those two 
companies were pioneers in the field and at 
the present time were producing maps of all 
scales and for many purposes, the subject 
matter for which would provide material for 
a paper of great importance. 

The main feature in the specification for 
a modern aircraft camera could be summed 
up almost in one word, “reliability.” The 
air survey pilot went out on sorties, frequently 
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from a base several hundreds of miles from 
his objective and it was vital that the camera, 
without any doubt, should function at the 
other end of that distance otherwise the whole 
of his work was wrecked and a great deal of 
money expended for no useful purpose. 

During the 1939-45 War a specification 
was drawn up for the ideal mapping camera; 
this never matured and as the war ended 
something less elaborate had to be produced. 
He would like to see a camera made like 
a machine gun, substantially built, much 
heavier than the present instrument and 
something which could withstand hard wear 
and tear and could be serviced by an average 
mechanic in the field. Most surveys were 
made outside Great Britain, at least those 
that were economically worth while, so that 
those engaged on the work were always at a 
great distance from the instrument makers 
or manufacturers; that was why he stressed 
the need for reliability of the camera. 

A question had been asked as to the best 
type of aircraft for air survey. At least four 
years ago that question was raised and he 
thought that the answer was still the same. 
There was no best type; practically every 
class of mapping work called for an aircraft 
of a different type. It was again a question 
of economics. If the job could be flown in 
an Anson it was a good aeroplane for the 
job, but looking to the future he felt that an 
aeroplane was required that could perform 
satisfactorily at about 35,000 ft. It must be 
capable of carrying its air crew, plus the 
photographers and ground staff, to distant 
objectives; on arrival at its destination it 
could disgorge its ground equipment and staff 
and then compete with its task. The 
possibility of transporting photographers, 
surveyors and their equipment by sea was out 
of the question. He believed that the Dakota, 
possibly with a Mamba engine, would provide 
in the near future the best solution for high 
altitude photography. 


A. G. Sheppard (Deputy Chief Pilot, 
Hunting Aerosurveys Ltd.): Perhaps Pro- 
fessor Hart had been a little unfair in his 
comparison of the accuracies of the Decca 
Navigator and visual methods of navigation. 
One of the Companies which had been 
mentioned had carried out a survey for the 
Ordnance Survey in which the accuracy of 
navigation had to be kept down to a maxi- 
mum of about 80 ft., and that was achieved 
quite successfully; however, he supposed 
that the Decca Navigator should be more 
accurate than that. He believed Professor 
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Hart had stated that, because of the accuracy 
of navigation by Decca methods, the number 
of photographs employed was about half as 
many as were required when using visual aids. 
Was that always so? 


Group Captain E. Fennessey (Decca 
Navigator Co. Ltd.): His interest in air 
survey was that of the electronic engineer, 
and it had been a particular pleasure to listen 
to Professor Hart, because about the year 
1944, Colonel Hart, as he then was, had 
introduced him to some of the problems of 
air survey. 

It had been said that the airman and the 
surveyor made a team. But Professor Hart 
seemed to have made clear that a third 
member of the team was the electronic 
engineer. The problems he had to face in 
meeting the requirements of the surveyor 
were great. It was true, as Group Captain 
Laws had said, that at present it was 
expensive to use radio or radar for survey; 
the small jobs could not stand the expense at 
the moment, but he felt that the large ones 
could. The ideal was that radar should 
meet the requirements of small blocks as well 
as large blocks. It must be apparent, 
however, that what the surveyor was asking 
the radar engineer to do was to measure time 
to within fractions of a millionth of a second 
in all parts of the world under all conditions 
of humidity, temperature, and so on. They 
could not do that at the moment except at 
some cost. 

The radar station which was used during 
the 1939-45 War, when in fighting trim, had 
a staff of 50-60, of whom about a dozen were 
skilled radar engineers. The number had 
since been reduced. A Decca navigation 
station to-day could be worked by one man. 
Nevertheless, there was still great progress 
to be made in reducing costs. In the mean- 
time, radar would probably be restricted to 
the larger operations. 

Professor Hart had referred to propagation 
velocity; there were two principal radar or 
radio methods. One method used the very 
high frequencies (with Shoran something like 
300 m/cs.), and the other method used very 
low frequencies, as in the case of Decca, of 
100 k/cs. The low-frequency systems were 
stable from day to day. It had been sug- 
gested in the paper that there was a day-to- 
day variation. There was no day-to-day 
variation due to atmospheric conditions. But 
there was a variation with terrain; they 
could not be certain about the propagation 
of radio waves at 3,000 metres without 
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knowledge of the terrain over which they 
had passed. They might be dealing with an 
area in which the terrain was quite unknown 
in respect of geology. So that there might 
be poor results due to variation of velocity 
with terrain. 

On the other hand, when using a method 
such as the Shoran, they had to contend 
with variation due to the temperature and 
humidity of the atmosphere through which 
the signals were passing, and that was unpre- 
dictable unless very accurate knowledge was 
received of conditions along the transmission 
path. 

Whether the problem was attacked from 
the high-frequency or the low-frequency end, 
they came up against a minimum degree of 
accuracy on which, it seemed, they were not 
able to improve; it was round about 10 
metres. There were claims in the United 
States to be able to carry out surveys by 
radar means to within an accuracy of inches. 
That was difficult to believe. There seemed 
to be a barrier at about 10 metres, and in 
his opinion they would not do better than 
that by means of any radio technique. They 
were up against variations of velocity for one 
reason or another which were unpredictable, 
and if they were to be more accurate they 
had to find other means than radio or radar. 

The Decca navigation system had a new 
aid, in the form of a flight plotter. A drum 
carried a map, or a plain sheet of paper, on 
which the aircraft track was recorded as it 
flew. The flight strip could be laid out on 
the map for the survey operation, and the 
pilot could follow it; or alternatively he 
could use it as a reconnaissance aid by 
simply following the natural features, such 
as a river or coast line, and drawing it. That 
was now a reality, and it was a very useful 
tool for the surveyor. 


P. G. Mott (Hunting Aerosurveys): In 
connection with large-scale surveys by 
photogrammetry Professor Hart had said that 
it was difficult to get a precise statement of 
the proportion of detail to be surveyed on 
the ground and from air photographs. There 
were two specific examples where such 
information was available. 

The first was that of an original survey at 
1/2400 scale of two square miles covering 
part of Durban Town, in South Africa. 
(1/2400 or 200 ft. to 1 in. to the mile.) The 
photogrammetric plans, which were also 
contoured at 10 ft. intervals, were later 
compared by the Survey Department of the 
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City Engineer with reductions of a survey 
previously carried out on the ground at the 
scale of 1/500. The report on the comparison 
of the ground and aerial plots in that case 
showed that 95 per cent. of the detail had 
been correctly plotted from the air photo- 
graphs. 

The second and even more striking 
example referred to a recent experimental 
survey of a closely built-up section of Watford 
Town at a scale of 1/500 (42 ft. to 1 in.). 
The results of that survey had shown that 
60 per cent. of the detail was plotted from 
the photographs with certainty and had 
proved to be correct when afterwards checked 
on the ground. Considering the very large 
scale of that plan and the fact that the area 
was specially selected on account of the 
density of the buildings, he felt that between 
70 and 80 per cent. would be a fair average 
figure for the amount of detail plottable by 
photogrammetry in built-up areas at scales 
of 1/1250 and larger. 

With such a considerable percentage of the 
survey already completed from air photo- 
graphs, the remaining detail could be supplied 
rapidly on the ground by offset measure- 
ments. In fact, what took months to survey 
by ground methods alone could be supplied 
in weeks by a combination of air and ground 
work. 

On the somewhat controversial question of 
the difference between visual and_ radar 
flying, he did not think the point had been 
made that most radar flying had to be 
necessarily on a pre-determined track. In 
many cases the air surveyor did not wish to 
follow a pre-determined track. He might be 
following the course of a route or communi- 
cation such as a projected road, or a power 
transmission line, or he might be flying 
around the edge of a large lake, or he might 
for various reasons, particularly in mountain- 
ous countries, require to fly along the general 
alignment of the ridges and terrain. If he 
were flying on radar or Decca he had to go 
where the Decca line or the radar circle took 
him, whether he liked it or not. 


The lecturer had stated that one of the 
great advantages of radar flying was the 
economy effected by reducing the lateral 
overlap. For certain mapping purposes it 
was essential when using a wide angle lens 
to increase rather than reduce the lateral 
overlap, owing to the excessive amount of 
distortion of this type of lens, which virtually 
meant that the outer one-inch of the photo- 
graph had to be eliminated. This particularly 
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applied in Multiplex bridging between control 
separated by long distances. 

F. L. Wills (Managing Director, Hunting 
Aerosurveys Ltd.) contributed: There was a 
growing need for air survey and resultant 
mapping in the Commonwealth and Empire, 
and indeed over many parts of the world. 
The national resources of undeveloped 
countries had to be extracted to the utmost 
to keep civilisation going to catch up with 
the world shortage caused by the war and to 
supply future needs. Roads, transport, 
accommodation and plants had to be 
provided to move extracted minerals, timber 
and so on to the coast for distribution to 
overseas countries which were urgently in 
need. Air survey, including airborne mag- 
netometer work, should be utilised in the 
early stages of this form of development and 
there should be an enormous demand for the 
necessary photography and mapping if a 
serious effort were made to “ push ahead ” 
with such schemes. That was where the 
flying, photography and mapping services of 
Civil survey companies ought to be employed, 
on speed and economic grounds, to augment 
the work of the Air Forces which were 
already heavily committed in other respects. 

Mr. Miskin and Group Captain Laws had 
mentioned various types of aircraft. Percival 
Aircraft Ltd. had constructed for his company 
to their requirements the first post-war survey 
aircraft, known as the Survey Prince P.54 
type. They took delivery in the early part 
of the year and the aircraft was now on its 
first survey operation in the Middle East. It 
was powered by two 250 h.p. Alvis Leonides 
engines, provided a range of 1,000 miles and 
a steady photographic ceiling at 24,000 feet. 
The aeroplane had a transparent nose, 
carried a crew of three—pilot, navigator/ 
photographer and radio operator—as well 
as visual observers, such as geologists, if 
required. It was fitted with all arrangements 
of camera assemblies, including vertical, 
trimetrogon, split verticals, forward and side 
obliques and was considered to be one of 
the most economical twin-engined survey 
aircraft. It did not meet the visionary ideas 
of Group Captain Laws for high altitude 
flying at 30,000 feet and over, but those 
special requirements were only occasionally 
required. 

N. E. Rowe (British European Airways, 
Fellow) contributed: A definition of require- 
ments for survey aircraft did not come within 
the defined scope of the lecture, but it 
Was important that a statement should be 


attempted. Group Captain Laws had some- 
what lightheartedly suggested the DC-3 with 
Mamba engines, flying at 35,000 feet, pre- 
sumably without pressure cabin and at a true 
speed of the order of 300 m.p.h.; he also 
wanted rather long ranges and the ability to 
transport men and photographic equipment 
to the area of survey. The author had 
referred to the probable extensive use of 
helicopters for large-scale surveys. Was that 
in addition to the fixed-wing machine, or in 
place of it, or as a complementary vehicle 
which could be used to ensure higher 
accuracy because of its special flying 
characteristics, especially the ability to hover? 

He would like to see an objective statement 
of requirements, giving “payload,” range 
and/or endurance, altitude, and forward 
speed of operation, economics, special 
requirements in relation to maintenance in 
the field, breakdown sizes, provision for 
installing equipment and services, stability 
and control. The latter might be of great 
importance for operation under automatic 
control, for circular flight, for accuracy of 
definition of the vertical. Jet propulsion with 
its avoidance of asymmetry associated with 
the normal propeller, might be of value for 
the last named, but the speed and heights of 
jet aircraft might be unsuitable. Airfield 
limitations, including size, height and ground 
temperature, were of fundamental importance 
in considering design and suitability of air- 
craft. This might sound rather a lot to ask 
for, but it would be of great value in enabling 
the air survey problem to be considered by 
designers in relation to other requirements, 
when laying down future designs. 

The uses for the helicopter could perhaps 
be stated more generally, but range and 
weight of equipment to be carried and 
altitude of operation should be included. 


PROFESSOR HART’S REPLY 


Mr. Miskin: He had neglected the wider 
field of photogrammetry because he had not 
thought they would be interested in some of 
the strange medical practices, for example, 
to which photogrammetry was applied. It 
had a very wide application in all sorts of 
scientific and engineering ways. At Univer- 
sity College, London, they were applying 
to all kinds of problems—problems of 
structural engineering and hydraulics; pro- 
blems connected with metals, to accident 
survey (for example, in connection with road 
traffic or aircraft accidents, where a quick 
three-dimensional appreciation of a situation 
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DISCUSSION 


was required)—and in many ways, quite 
apart from air survey. Photogrammetry was 
developing into a science, or perhaps it might 
be called a technique, of very wide appli- 
cation. 

Probably no one was better qualified to 
deal with the question of suitable aircraft 
than Group Captain Laws who had had it 
on his mind for a good many years, parti- 
cularly during the 1939-45 War. 

The slowing down of radar development 
since the war had been a matter of consider- 
able concern to many of those who had 
worked on it during that period; probably no 
one had felt more concern than had he and 
Mr. Miskin as they had worked together on 
the survey aspect from the beginning and 
always in close harmony with the R.A.F. 

Mr. Sheppard: He had said that the com- 
parison of the accuracies of the Decca 
Navigator and visual mehods was made 
between R.A.F. photography and Decca, for 
it must be remembered that photography 
was undertaken in the R.A.F. as part of the 
training, and the men flying could not expect 
to have the years of experience of survey 
flying that Mr. Sheppard and his colleagues 
had acquired, which enabled them to do very 
much better than was indicated by the figures 
quoted. 

Group Captain Fennessey: He had had no 
intention of excluding the electronic engineer 
from the air survey team, where he took his 
place with the surveyor and the airman. 
Although he had mentioned the electronic 
engineer, he had not mentioned him 
especially; but he had been thinking of the 
difference between those who had worn 
brown and those who had worn blue during 
the war! Several specialists were needed in 
air survey; the airman took the photographs 
at the beginning, and finally the map printer 
put the results on to paper. There were also 
those dealing with the instruments, the 
meteorologist, and so on. 

One particular matter which was dis- 
heartening was that, at the end of the 1939-45 
War they had developed the art to the stage 
at which they could do something really 
worth while, and although it had been 
possible to continue survey work, albeit in 
rather more primitive style than they would 
have wished, they had hoped there would 
have been a priority or an incentive to 
develop radar aids to cut down the number 
of people required to operate stations and to 
reduce the cost of general construction of 
stations. No one had worked on that 
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problem more continuously or more 
effectively than had Group’ Captain 
Fennessey, because during the war he was 
actively concerned with radar survey, and he 
was now concerned with the Decca 
Navigator, which under his guidance had 
become a valuable survey instrument. 

The Gee-H experimental stations were run 
for about a year by two scientists and two 
airmen. But once the stations were estab- 
lished as R.A.F. units there were in each case 
two officers and 29 men—Adjutant, cooks, 
and so on! In peacetime that could not be 
afforded. Consequently, they had fallen 
down because they needed proper priorities 
in order to develop those aids so that the 
expense of running the stations could be 
reduced. From war experience the Decca 
Navigator had succeeded very largely in 
doing that. 

It was interesting to hear that recent 
experiments had shown the Decca _ propa- 
gation through the atmosphere to be stable. 
Perhaps they were talking rather at cross 
purposes in that connection. For survey 
work for topographical purposes, where a 
mean rate of propagation could be taken, 
those anomalies were not so important; but 
if they were concerned with the measurement 
of long lines for geodetic purposes, small 
variations day to day, due to atmospheric 
changes, were extremely important both for 
short and long wave lengths, the effect for 
the long waves being notably greater. He 
did not think therefore that there was any 
real disagreement between them in_ the 
matter. 

He agreed that 10 metres was about the 
present limit of accuracy for a single obser- 
vation. He had quoted the figure of five 
metres because this had been achieved con- 
sistently in a series of repeated readings 
along a fixed bare line. With the aid of the 
helicopter they might be able to obtain 
repeated readings, probably 50 within a 
short time, to get a more accurate fix. That 
was a line along which advance might be 
made. 


Mr. Mott: The amount of ground work 
required for large-scale survey was a subject 
for further discussion, because it depended 
largely on the specification, and on the type 
of ground. If a representative of the 
Ordnance Survey were present, probably he 
would tell a very different story. Perhaps 


one person was more conservative than 
another: perhaps the percentage actually to 
be obtained on a strictly comparable basis 
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AIR SURVEY 


lay somewhere in between; but there was no 
doubt that a considerable amount of infor- 
mation could be obtained from the air 
photograph, although in fairly heavily 
wooded and screened areas much detail was 
obscured. There was no doubt that the 
proportion of measurements to be obtained 
from air survey was remarkable. 

Experiments had been in progress on 
straight line navigation in any selected 
direction by the use of radar. However, it 
was quite clear that a really experienced 
survey pilot could produce remarkable results 
in covering an area, provided that he had a 
good or reasonable map on which to base 
his flying programme. 

When he had mentioned lateral overlap he 
was thinking more particularly of maps of 
large topographical scale, because the radar 
type of navigation was not really suitable for 
large scale, except, of course, the Decca 
Navigator where, and when flying at large 
scales, a wide angle lens would not normally 
be used—so that he did not think there was 
any disagreement between them. It meant 
that, for topographical mapping, the overlap 
could be cut but when it was important to 
confine the work to the centre of an area, 
where great accuracy was required, the over- 
lap would be increased. 


Mr. Rowe: The helicopter would not fulfil 


the r ‘ements laid down by Group 
Capte for high altitudes and long 
rang’ appeared to be in two main 
capac. 


(a) That already mentioned, wherein by 
repetition of comparativeiy short range radar 
measurements from an airborne stabilised 
platform, an approach could be made to the 
surveyor’s ideal requirements in space of 
known altitude, position and inclination. 
That would reduce the ground work con- 
siderably. Even without the aid of radar it 
would probably prove very advantageous. 


(b) For ground control and reconnaissance. 
For example, in Canada it was being used 
for this purpose for topographical surveys, 
as well as for low altitude photography and 
ground control areas to provide surer indenti- 
fication of the points on smaller scale photo- 
graphs. 

He was not competent to discuss aircraft 
types. He was concerned with getting air 
photographs taken under strictly scientific 
conditions for his particular purpose. The 


results he obtained were dependent upon the 
airman, and were often conditioned by the 
different specifications for service and civil 
aircraft. 
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REDUX 


INTRODUCTION 


That synthetic glues for wood were used 
extensively for making Mosquito and Hornet 
aircraft during the 1939-45 War, and are now 
used for making Vampires in many 
European countries, is well known to aero- 
nautical engineers, but not so well known is 
the fact that, since 1944, synthetic glues for 
metals have been used in the production of 
many hundreds of military and civil aircraft. 
A glue for metals, which gives joints stronger 
than can be obtained by riveting and which 
ig also resistant to the severe conditions to 
which aircraft are exposed in service, offers 
the possibilities of savings in structure weight 
and of aerodynamically cleaner wing and 
fuselage surfaces. Such a glue may also be 
expected to be of value in the manufacture 
of pressurised fuselages, because it will avoid 
the large number of small leaks occurring 
at the rivet heads and may also help to solve 
the difficult problem of making integral fuel 
tanks in aircraft wings. 

Any savings in structure weight or drag 
which may be possible on a high perform- 
ance jet-propelled aeroplane must be of even 
greater importance than on a piston-engined 
aircraft, because of the relatively high fuel 
consumption of gas turbines. It is interest- 
ing therefore to learn that the “Redux” 
process of metal bonding has been used 
extensively by de Havilland Aircraft Co. 
Ltd. in the construction of the wings and 
fuselage of the Comet. As this Company 
has already had many years’ experience of 
using Redux on a number of smaller aircraft, 
it may be concluded that the results obtained 
must have been very encouraging for them to 
use the process in an even more ambitious 
way on their latest and most advanced 
aircraft. 


Lecture given to the Graduates’ and Students’ 
Section of the Royal Aeronautical Society on 8th 
December 1949. 


Mr. Moss is Project Engineer, Aero-Research Ltd. 
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BONDING OF 
STRUCTURES 


by 
C. J. MOSS, B.Sc. 


AIRCRAFT 


The earliest use of Redux in aircraft con- 
struction was in the manufacture of the 
Hornet single-seat fighter. The de Havilland 
Aircraft Co. Ltd. was faced with a difficult 
problem because of the large wooden booms 
required for the wing spars. The difficulty 
was overcome by making the tension booms 
of aluminium alloy extrusions but still using 
wood for the spar webs and compression 
booms. The metal and wood were then 
glued together so as to form a spar of 
remarkably low weight and high strength. 
Many Hornets have been operating with the 
Royal Air Force and the Royal Navy and 
have given excellent service. 

A somewhat similar design is used by 
Vickers-Armstrongs Limited for the floors of 
the Viking and Viscount. Aluminium alloy 
top-hat stringers are bonded to the under- 
sides of sheets of plywood to form floors 
whose upper surfaces are quite free from any 
rivet or bolt heads. Vikings of the British 
European Airways Corporation have now 
flown for considerable numbers of hours and 
no trouble has been reported with the 
Redux. A more recent example of metal-to- 
wood bonding may be found in the fin of the 
Canberra jet-propelled bomber. The fin is 
of wooden construction because it houses 
some aerials and it is attached to the 
extruded aluminium alloy spars by means of 
the Redux process. 


Although these uses of the process for 
bonding metal to wood are of interest, the 
application of Redux to all-metal structures 
is likely to prove of far greater importance, 
for it seems likely that high performance ait- 
craft of the future will be of all-metal 
construction. The need for smooth thin 
wings is more pressing than ever and the 
hitherto normal riveted construction is open 
to criticism, both because of the need to keep 
structure weights to a minimum and because 
of the aerodynamic effect of the rivet heads. 
Most aircraft skins are covered with rivet 
heads and consequently, determined efforts 
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Cc. J. MOSS 


have been made to diminish their effect either 
by machining their heads or by finishing the 
wing surface with special fillers. Spot weld- 
ing has been used but even this leaves small 
marks where the electrode makes contact 
with the skin. 


A gluing process offers an entirely different 
line of approach in the making of all-metal 
aircraft structures. It was used successfully 
on the Dove and is now employed on the 
Comet; in the next few years it will be used 
on a number of other aircraft, but most of 
them may not be discussed yet. 


It is interesting to note that Redux has 
already been used by The Bristol Aeroplane 
Co. Ltd., in the construction of their single- 
rotor and twin-rotor helicopters. The process 
has provided a convenient way of attaching 
metal trim tabs to wooden rotor blades and 
has been of great value in making experi- 
mental metal rotor blades. It has also been 
used in the construction of the fuselages of 
both types. 


STRENGTH OF GLUED JOINTS 


Glued joints should be designed, as far as 
possible, for loading in shear but, unfor- 
tunately, it is not possible to describe in a 
simple way how the failing load varies with 
changes in dimensions of the joint. As 
might be expected, the breaking load does 
vary in proportion to the width of the joint 
but it is only proportional to the joint length 
for very small overlaps. For larger ones it 
scarcely increases with length of overlap. 
The strength of the joint also increases 
(1) with the thickness and (2) with the 
mechanical properties of the metal test 
pieces. 

The explanation of this behaviour is to be 
found in the stress concentrations in the 
joints. The load is not uniformly distributed 
over the whole of the glued area but is 
mostly taken by the ends of the joints. The 
stress concentrations may be considerably 
reduced by tapering the metal test pieces, 
with a corresponding increase in failing load 
of the joint, but it seems unlikely that taper- 
ing the metal would be an_ attractive 
proposition in practice. 

Another aspect of this matter is the way 
in which the strength of the joint varies 
approximately in proportion to the yield 
point* of the metal strips used to make the 
joints. Table I, giving failing loads of 4 in. 


*0.1 per cent. proof stress. 


overlap joints made from 20 s.w.g. strips of 
metal, illustrates this point. 


TABLE I 
Yield 
Failing point of 
Material load of metal 
Redux joint| strip 
(lb/sq.in.) | (tons/ 
sq. in.) 
Aluminium—half-hard 1,100 5.8 
* Alclad” —DTD 390 3,600 | 15 
DTD 546 4,000 21 
DTD 687 5,000 26 


The failing loads given in this Table for 
glued joints between strips of “ Alclad” are 
several times higher than can be obtained 
with spot welding or riveting. Care must be 
exercised however in applying the results of 
these small scale tests to the design of 
aircraft structures, and I believe that the 
following results are likely to prove of far 
greater interest to designers. This is par- 
ticularly true because in many of them there 
is a direct comparison between the strengths 
of riveted and glued panels when tested in 
the way that they are loaded in an aircraft 
structure. The Gloster Aircraft Company 
Limited tested some panels of a design some- 
what similar to those used on the Meteor. 
They consisted of a 24 s.w.g. skin to which 
a 24 s.w.g. top-hat stringer was bonded. In 
compression this panel failed at an average 
load of 2.5 tons, while a similar riveted panel 
only withstood an average load of 1.8 tons. 
Thus the Redux-bonded panel carried an 
average load 40 per cent. greater than that 
of the riveted panel. The corresponding 
figures for test specimens consisting of a 
24 s.w.g. skin with two 24 s.w.g. stringers 
were 4.25 tons for Redux, and 3.16 tons for 
riveting. 

A further point must be borne in mind 
when considering these results. The panels 
were designed for riveting and not for Redux 
bonding. It is possible that had the stringers 
been modified (but without increasing their 
weight), still higher results with Redux might 
have been obtained. Redux bonding is an 
entirely new technique and the best results 
are only obtained if the design is made for 
gluing. A design which is suitable for rivet- 
ing is not necessarily suitable for gluing, and 
vice versa. 

Another interesting series of tests has 
been carried out by the Bristol Aeroplane 
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Company. In these experiments a panel 
reinforced by stiffeners was bolted round its 
edges to a box and submitted to a fluctuating 
air pressure similar to that occurring, for 
example, on the trailing edge of an aircraft 
wing. The panels were all 40 in. x 24 in. 
and the 4 in. x 4 in. x 20 s.w.g. stiffening 
angles were all parallel to the shorter edge. 
The first panels had 22 s.w.g. skins and were 
of a riveted construction. One failed after 
0.3 x 10° cycles of stress and the second, of 
a slightly modified design, after 0.7 x 10° 
cycles, and the failures were of a similar kind 
to those which had occurred in flight, i.e. by 
skin cracks beginning at rivet holes. 

When a similar panel in which the stringers 
were Redux-bonded to the 22 s.w.g. skin was 
tested, failure did not occur until after 4.5 x 
10° cycles of stress, and only then because 
the metal stringer cracked. The Redux bond 
appeared to be in perfect condition after 
more than six times as many stress reversals 
as were required to cause skin cracking at 
the stress concentration of the riveted panel. 

Three further tests were carried out using 
the same cycle of air pressures in the box 


Figure 1. 


A severe repeated loading test was carried out on 
the complete wing of a Dove. This photograph 
of the wing under load shows that the skin buckles 
are localised between stringers and do not run 
continuously across the wing. 
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but with 24, 26 and 30 s.w.g. skins. For the 
two thinner panels the stiffeners were spaced 
at 4 in. intervals, but for the two heavier ones 
the spacing was 8 in. The following results 
were obtained : — 

24 s.w.g. panel failed after 2.1 x. 10° 
cycles by cracking of the metal 
stringer. Redux bond still intact. 

26 s.w.g. panel failed after 2.4 x 10° 
cycles. Redux bond failed. 

30 s.w.g. panel failed after 5 x 10° 
cycles by cracking of the metal 
stringer. Redux bond still intact. 


The de Havilland Aircraft Co. Ltd. have 
also carried out many tests and we know that 
their designers reached similar conclusions, 
i.e. that Redux-bonded panels will carry far 
higher loads than riveted panels. In addition 
to tests at room temperature, they have 
carried out compression tests on panels at 
high and low temperatures as well as fatigue 
investigations. Perhaps the most interesting 
test that has ever been done on a Redux- 
bonded structure was made on the complete 
wing of a Dove aircraft. This wing was 
subjected to the following series of repeated 
loadings : — 


1,200 cycles from 0 to 2 g. 
500 cycles from 0 to 2.45 g. 
5 cycles from 0 to 3.4 g. 
10,000 cycles from 0 to 1.5 g. 
5 cycles from 0 to 3.86 g. 


5 cycles from 0 to 4.37 g. 


After nearly 12,00 cycles of stress the wing 
was in perfect condition and it was decided 
to subject it to static loading until failure 
occurred. This was at 5.5 g. which was 
about 8 per cent. above the design load. 

The photographs accompanying this paper 
give some explanation of why such good 
results were obtained. The appearance of 
the wing under load is quite different from 
that of one of riveted construction. In the 
latter, the buckles all run through the areas 
of stress concentration, i.e. the rivet holes. 
With a bonded wing it will be seen that the 
skin is held firmly along the whole length 
and the whole width of the stringers. Such 
a construction is stronger than one in which 
the skin is drilled with numerous holes for 
rivets and in which the load is transferred 
at these holes. With the stringers glued to 
the skin the buckles are localised between the 
stringers and are unable to run right across 
the wing. 
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When the Dove wing was examined after 
the completion of the test it was revealed 
that even where the metal skin had fractured, 
only one stringer had parted from it for a 
short length. Had a conventional riveted 
structure been subjected to a similar test, it 
is probable that either the rivet heads would 
have come off or pulled through the 22 s.w.g. 
skin. 

If confirmation of this test is required it 
may be found in the experience which has 
gradually accumulated with the 300 Dove 
aircraft now in service. One of them in 
Australia has flown no less than 3,400 hours 
in two years, an average of more than 4 
hours flying daily. Others have operated 
satisfactorily in tropical Africa. 

After examining the results of these 
strength tests of various kinds on Redux- 
bonded structures, it is interesting to consider 
an example of how the weight of a structure 
may sometimes be reduced by changing from 
a riveted to a bonded design. The Bristol 
Aeroplane Company have made some servo 
control tabs from 30 s.w.g. material, i.e. from 
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sheet which is only 0.0124 in. thick, and 
which it would be almost impossible to rivet. 
These tabs are particularly interesting 
because there is not only the direct weight 
reduction on the tabs themselves but also the 
weight saving on their balances. The total 
reduction is likely to be about 200 Ib. on the 
weight of tabs and balances for a typical 
four-engined air liner. Perhaps this figure 
will be more vividly appreciated if it is 
realised that it is roughly equal to the weight 
of one passenger and luggage. 

Having considered some of the advantages 
which may result from the use of Redux, it is 
necessary to mention briefly the actual 
technique of bonding aircraft structures. 
Although naturally a glue is desired which 
will bond metals together at room tempera- 
ture, it has unfortunately not yet proved 
possible to develop a cold-setting adhesive 
that has sufficient strength, together with 
adequate resistance to tropical temperatures 
and humidities, and to common solvents 
(petrol, lubricating oil, and so on). It is a 
disadvantage that the Redux process requires 


Figure 2. 


Failure of the Dove wing eventually occurred at 8 per cent. above the design load. Although 
two of the metal stringers failed the, Redux bond remained intact, except for small areas on 
either side of the fractured metal. 
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a combination of heat and pressure for 
“curing,” but the temperature is only 140- 
150°C., which is not sufficient to have any 
material effect on the mechanical properties 
of aluminium alloys, and which is not 
sufficient to render them liable to inter- 
crystalline corrosion. Pressures of 100-200 
lb./sq. in. are all that is necessary, and in 
fact much lower ones have been used on an 
experimental scale and have given perfectly 
satisfactory results. 

Most of the early production of Redux- 
bonded components has been carried out 
using steam-heated hydraulic presses. At 
Aero Research Limited, Duxford, by whom 
the bonding process was developed, such a 
press has been used for many years to carry 
out bonding for aircraft constructors as well 
as for many other engineering firms. In their 
production of fuselage and wing panels for 
the Dove, the de Havilland Aircraft Co. Ltd. 
have used a similar but larger press. Their 
normal production method is to bond in one 
operation numerous stringers to skins about 


Figure 4. 
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Figure 3 
A servo tab made from 30 s.w.g (0.0124 in. thick) aluminium alloy sheet. It would have been 
impossible to rivet satisfactorily such thin sheet. 


12 ft. long by 4 ft. wide. The panels made 
in this way are then wrapped round and 
riveted to the wing ribs or fuselage frames, 
It is worth considering the amount of work 
required to jig drill each rivet hole in the 
stringers and then in the skin, and afterwards 
to countersink each hole in the skin before 
actually doing the riveting, and to contrast 
this with the fact that after degreasing and 
chemical cleaning of the metal parts, they are 
all bonded together in one operation, requit- 
ing perhaps a total time of about half an 
hour. 

A French aircraft constructor has used an 
electrically-heated press to bond thin wood 
veneers to extruded aluminium alloy wing 
spars. The temperature of the spar in the 
press is checked by a number of thermo- 
couples in small holes in relatively unstressed 
parts of the spar itself, and the pressure 
required for bonding is applied by means of 
a number of hydraulic rams along the length 
of the press. The same firm has also bonded 
wood veneers to light alloy wing ribs by 


The Bristol Aeroplane Co. have developed a wing 
leading edge design which is particularly suitable 
for bonding. A corrugated inner skin is bonded in 
an autoclave to a plain curved skin to provide a 
panel of remarkable stiffness and strength. 


Figure 5. 
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Figure 6. 
The use of an autoclave for Redux bonding has been found by the Bristol Aeroplane Co. to give 


excellent results. 


The panels (illustrated in Fig. 5) are placed on a suitable jig, covered by a rubber 


blanket and put in the autoclave. Air is pumped in to avoly the pressure required for bonding and heat 
is then supplied by electric resistance heaters under the jig. 


clamping the parts together and curing the 
resin in an oven. 

Although steam and _ electrically-heated 
presses will no doubt continue to be used 
extensively for Redux bonding, there are 
limits to the type of work for which they can 
be used. They are probably the most 
economical plant for bonding flat com- 
ponents or for those which are thin enough 
to be formed to shape after bonding, but 
they are not at all suitable for dealing with 
doubly curved panels. To overcome this 
difficulty the Bristol Aeroplane Co. Ltd. 
have adapted an autoclave to bond the lead- 
ing edges of one of their new aircraft. The 
degreased and chemically cleaned metal parts 
are treated with Redux liquid and powder, 
placed on a curved jig, covered with a 
rubber blanket, and then put in the auto- 
clave. Air is pumped into the autoclave to 
provide the necessary bonding pressure and 
then heat is supplied by an array of 
electrically-heated mats under the curved 


jigs. Considerable ingenuity has been shown 
in this development with the result that the 
Bristol Aeroplane Co. Ltd. have a technique 
which can be applied to an almost unlimited 
variety of doubly curved panels. It is also 
an interesting fact that the Redux joints 
made in an autoclave appear to be of a better 
quality than those made in a press. 


CONCLUSION 


It is hoped that this paper has succeeded 
in showing the advantages which may be 
obtained from the proper use of glues for 
metals. At the same time it will be 
recognised that the change from riveted 
constructions to bonded assemblies requires 
something more than taking out the rivets 
and putting a glue in their place. For 
example, if extruded stringers with flat bases 
are bonded to an accurately curved skin, 
then some distortion must be expected in the 
finished assembly. It is evident that a flat 
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surface cannot be glued over the whole of 
its area to a curved surface without some 
distortion occurring, whereas such a design 
may be suitable for riveting. 

If full advantage of the gluing process is 
to be obtained then the decision to use it 
must be taken at the design stage and 
production arrangements must be made 
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accordingly. The use of the process often 
requires the introduction of completely new 
designs, or the modification of existing 
designs and it certainly requires a big change 
in production methods. Sufficient experience 
has now been obtained to show that such 
changes are frequently justified by the results 
obtained. 


DISCUSSION 


F. Neilson Hancock (A.I.D., Ministry of 
Supply, Assoc. Fellow), contributed: What 
were the signs, methods and other features 
involved in the inspection of a Redux joint, 
compared, say, to an old Casein-glued joint? 

Were there any modern methods of inspec- 
tion (e.g. ultrasonic, fluorescent, inductance, 
etc.) which could be effectively applied to 
Redux joints, although they were unsuitable 
for older gluing processes? 

With the older methods of gluing, it was 
found that tacking or screwing together the 
parts to be joined, increased the reliability 
and consistency of the joint. Was there any 
parallel for Redux joints (e.g. by the use of 
spot welding or other local attachments)? 

What was the degree of electrical conduc- 
tivity of Redux-jointed metal parts? In 
other words, how was ‘electrical bonding’ of 
Redux components affected and effected : 

How were Redux joints affected by very 
low temperatures alternating over long 
periods, such as would be experienced in 
wing skins on trans-Atlantic flights? 


D. James (Vickers - Armstrongs Ltd., 
Assoc. Fellow), contributed: The figures 
quoted by Mr. Moss on the failing loads of 
panels appeared very convincing, but it might 
be asked whether, even though the panels 
were designed for riveting, some slight altera- 
tion in the detail design, such as a close rivet 
pitch, would not have produced a strength 
comparable with that of the Redux panels. 
The results given were for panels of very 
light construction. He had seen panels of 
fairly heavy construction tested in which the 
Redux panels showed no increase of strength 
over the riveted panels and in those cases 
the failure of the Redux bond extended 
practically the full length of the stringer. It 
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was not suggested that that was the primary 
cause of failure. The question of an increase 
in strength due to the use of Redux instead 
of riveting was probably determined by the 
mode of failure to be expected. In very 
light structures in which “inter-rivet buck- 
ling” played a part, Redux would probably 
show to advantage. 

The smooth finish produced by Redux was 
not as straightforward as might appear at 
first sight. When the manufacturer supplied 
a flat sheet it had been stretched to take out 
all the slack patches in the sheet. The 
Redux process involved raising the tempera- 
ture of the sheet to about 140°C., a process 
which undid all the good work done by the 
manufacturer in his stretching operation and 
might well result in a very strong joint 
between two very wavy sheets of metal. This 
would not produce a contour to please the 
aerodynamicist. 


H. Giddings (Bristol Aeroplane Co. Ltd. 
Assoc. Fellow), contributed: The paper was 
a useful general discourse on the present 
state of development, scope and advantages 
of Redux bonding. He could enlarge on the 
advantages and give additional applications 
to those quoted but it would be dangerous 
to generalise too much from the particular 
examples quoted and to assume that they 
only had to “Redux” to obtain a stronger, 
lighter or smoother structure. He agreed 
entirely with Mr. James’ particular com- 
ments. Riveted compression panels, 
properly designed, could be as strong 4 
Redux panels in some cases. In some panels 
they had tested, panel distortion during the 
Redux process had actually produced 


failures at loads below those of similar panels 
of riveted construction. 
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DISCUSSION 


Distortion during the curing of the Redux 
was a serious problem, both from the point 
of view of surface finish and also of 
structural strength. In a stiffened skin com- 
pression panel the distortions could take the 
form of local buckles between stringers, and 
also, more seriously, of lateral bow along the 
length of the stringers. 


He did not think that the reasons for this 
distortion were yet clearly understood and 
was not sure that Mr. James’ explanation 
was the correct one, although it was possible. 


The performance of the Redux bond at 
elevated temperatures gave some cause for 
concern. At 90°C. the reduction in strength 
was some 50 per cent. of that at normal 
temperature, falling off very rapidly above 
that. Skin temperatures of that magnitude 
would be expected at low altitudes in the 
tropics but apparently the de Havilland 
Company’s operating experience under those 
conditions had so far been satisfactory. 


No aircraft production organisation should 
enter the Redux bonding field lightly. The 
key to success was close process control, 
particularly over cleanliness, and _ those 
things were not found in many existing 
aircraft production shops. To most, a new 
outlook would be required. 


The inspection techniques for Redux were 
also not too well established. The present 
form of “Peeling” test left much to be 
desired and some form of non-destructive 
scanning test was urgently needed. 


Data on production costs would also be 
appreciated by those contemplating use of 
the process. He was sure that Mr. Moss 
could now give useful information on that, 
from the accumulated experience of his 
Company. 

The fundamental advantages were there, 
and it was only by more general use that 
those problems would be solved. 


F. Tyson (Handley-Page Assoc. 
Fellow), contributed: The advantage of 
Redux joints in producing a better external 
finish, and allowing some saving of structure 
Weight, were now sufficiently well established 
to ensure that the use of Redux would 
Increase in the next few years. 


Three points mentioned by Mr. Moss were 
worth emphasising. First, it was not enough 
Merely to substitute Redux for rivets in a 
conventionally designed component. The 
full advantages of Redux could only be 


realised if the structure were designed to suit 
Redux bonding. How this should be done 
could not be explained in a few words. The 
factors influencing the changed design 
requirements were the different nature and 
behaviour of Redux and riveted joints, and 
the way in which a Redux-bonded com- 
ponent was made in the workshops. Second, 
the new technique of Redux bonding in an 
autoclave was an important advance. It 
gave a more uniform pressure on the Redux 
film during curing than could be obtained in 
a press, and so allowed a lower bonding 
pressure to be used. It also allowed Redux 
bonding to be extended to a larger range of 
applications (e.g. components with curved 
formers, or double curvature skins) than 
could be made in a press. Third, a well- 
designed Redux-bonded component should 
be superior in fatigue strength to a riveted 
component of the same static strength, 
because the stress concentrations at the 
rivets were avoided. 


An aspect of Redux bonding which Mr. 
Moss had not emphasised was that making 
good Redux joints in aircraft structures was 
not a simple matter. Development work 
was required in the workshops before jobs 
of satisfactory strength, and free from 
objectionable distortions, could be produced 
consistently. When this stage had been 
reached, a high standard of cleanliness, and 
a strict control of processes (including taking 
regular samples for testing), must be main- 
tained to ensure a satisfactory standard of 
production. 


It would be interesting to know how Mr. 
Moss arrived at his startling figure of 200 Ib. 
for the weight saving due to changing from 
riveted to Redux-bonded tabs on a typical 
four-engined air liner. It was considerably 
less, according to his calculations, as the 
following figures showed :— 


Total weight of tabs (spring tabs, balance 
tabs and trimming tabs) including tab mass 
balances, say 40 Ib. Weight saving on this 
due to Redux bonding, say 25 per cent.— 
10 Ib. Further saving on main control 
surfaces mass balance due to reduction in 
tab weight, 30 Ib. Total weight saving, 40 Ib. 

If the weight of tabs were much more than 
40 Ib. an aircraft, or if the weight saving due 
to Redux bonding were more than 25 per 
cent., the riveted tabs must have been badly 
designed. If the saving in main control 
surface mass balance were more than three 
times the saving in tab weight, the control 
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surfaces were inefficiently mass balanced. If 
the original riveted tab were well designed, 
he thought the weight saving due to Redux 
bonding might be only half that given, i.e. 
20 Ib. an aircraft. Even this was a weight 
saving worth having. In addition, the Redux 
tabs should have a better external appear- 
ance, and a higher fatigue strength, than the 
riveted design. 

Good as Redux was, a better adhesive 
could be imagined. The two improvements 
which the aircraft manufacturer would most 
like to see were :— 

1. A satisfactory cold-setting adhesive. 
The heating to 140°C.-150°C. was the 
greatest single source of difficulty and 
trouble in the Redux process. 

2. An adhesive which maintained a high 
strength at elevated temperatures (up to 
100°C.). The loss in strength of Redux 
joints at those temperatures (although its 
seriousness should not be exaggerated), did 
impose some limitations on the use of 
Redux. 


J. K. Crowe (de Havilland Aircraft Co. 
Ltd., Assoc. Fellow), contributed: In con- 
sidering the use of Redux in aircraft struc- 
tures, it must be remembered that the 
application of any new assembly process in 
large scale production was very different 
from its application in the laboratory, and a 
great deal of costly development work (often 
including the design of suitable plant and 
equipment) had to be done before it became 
a useful and reliable production tool. 


In any case, no new assembly process 
could be introduced into a factory without 
the full co-operation of the production 
management and personnel. 

Among the advantages of the Redux 
system over other forms of assembly 
were: (i) Improved compressive strength 
with consequent saving in weight (which 
seemed to apply over a wide range of skin 
thicknesses, provided the panels were cor- 
rectly designed and the Redux joints 
soundly made); (ii) Improved fatigue 
strength; (iii) Smooth finish—when the heat 
distortion problems had been overcome; (iv) 
Saving in production cost and production 
time on mass-production batches, when the 
initial development work had been com- 
pleted, and when the cost of that work and 
of the necessary plant and equipment had 
been paid. In this connection, the number 
of rivets eliminated could easily run into 
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many millions on a production batch of 
panels. 

Experience indicated that Redux was 
satisfactory under extreme climatic condi- 
tions. Doves had been operated successfully 
over a considerable period of time in both 
hot and cold climates, including Canada, 
Australia, Africa, India and the Middle East. 
There was also a good deal of other evidence 
in this connection. 

In providing a continuous joint between 
structural members in high strength alumin- 
ium alloys, the Redux process fulfilled a 
long-felt want, especially in the Aircraft 
Industry, and made a real contribution to 
improvement in structural design. Its scope 
was very wide and no doubt its application 
would continue to increase in the future. 


MR. MOSS’S REPLY 


Mr. Hancock: The inspection of glued 
joints was always a difficult problem but he 
was not convinced that it was any more 
difficult than the inspection of spot-welded 
or riveted joints. At present they recom- 
mended the following methods: 

(a) A “peeling” test should be carried 
out on specimens which had gone through 
the bonding process with each aircraft panel. 
As this test, in which two strips of metal 
were “peeled” or “stripped” apart, was 
an exceptionally sensitive one it would 
immediately show up any deficiences in the 
degreasing and pickling of the metal, as well 
as in the actual bonding operation. Not 
much reliance should be placed on control 
tests on shear specimens because it was 
comparatively easy to obtain good shear 
strength on Redux joints. 

In addition, the degreasing and 
pickling plants should be subjected to fre- 
quent checks to ensure that they had neither 
become contaminated nor lost strength. 
Metal after pickling was always washed in 
running water to ensure that no contamina 
tion occurred. 

All those operations should be watched by 
an inspector. The pyrometers and pressure 
gauges on hydraulic presses or autoclaves 
should be checked at weekly intervals and, 
where possible, recording instruments should 
be used. Inspectors should record the tem- 
perature and pressure at which each bonding 
operation was made so as to ensure that they 
were properly supervised. 

(c) After completion of the bonding, 
panels should be examined to see that some 
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DISCUSSION 


Redux liquid and powder had been forced 
out of the joint, thereby providing evidence 
that sufficient adhesive, heat and pressure 
had been applied. The material at the edges 
of the joint might vary from a light colour 
to reddish brown. If it were dark brown or 
black the joint was over-cured and would be 
brittle. 

(d) When thin veneers had been bonded 
to metal the adhesion should be tested by 
complete immersion of the assembly in water. 
If the bond were poor the well-soaked 
veneers would soon form blisters, but if the 
adhesion were good they would not do so. 

The combination of the “peeling” test 
with the other methods mentioned would 
give a satisfactory check on all production 
bonding. 

Many efforts had been made to find non- 
destructive methods for inspecting bonded 
panels but, so far, none had given promising 
results. At his suggestion, the A.I.D. Head- 
quarters at Harefield had _ investigated 
supersonic methods for testing glued joints 
between metals but without much success. 

In general Redux joints did not require 
any supplementary riveting or screwing. The 
only exception was that where thin metal 
components were bonded together, rivets 
might be put at the ends of the joints to 
prevent “ peeling” occurring in rough hand- 
ling. For example, if a thin skin were 
bonded to stiffeners it was good practice to 
use a rivet at the end of each stiffener. With 
thick materials this was unnecessary because 
the tendency for “ peeling” to occur was so 
much smaller. 

Redux was quite a good electrical insula- 
tor and electrical bonding must be carried 
out quite separately. 

The successful operation of the Comet 
was the best evidence that no difficulties 
arose due to low temperatures of flight. 


Mr. James: He thought that the points 
raised by Mr. James were an excellent state- 
ment of the need for far more research on 
Redux-bonded structures! So far only a 
very limited amount of work had been done 
and there was scope for much more research 
to investigate more thoroughly the design of 
bonded structures. It was possible that in 
lighter panels bonding would have a bigger 
advantage than in heavier ones but it was 
significant that de Havillands had used 
Redux throughout the skin and fuselage of 
the Comet, which was a fairly large aircraft 
in which, presumably, fairly thick skins had 


to be used. He imagined that the panels 
referred to by Mr. James were those tested 
by Vickers-Armstrongs Ltd. He had not 
the results in detail but believed that all the 
Redux-bonded panels gave appreciably 
higher results than the corresponding riveted 
ones, except for one in which the riveted 
panel was slightly superior. He believed 
that it was true that even with some of the 
heavier panels the superiority of Redux was 
quite marked. He had now heard that the 
College of Aeronautics had tested some 
Redux-bonded panels having skins varying 
from 16 to 20 s.w.g. and every one of them 
was stronger than the corresponding riveted 
panel. However, he felt that the main con- 
clusion was that far more systematic work 
was required to investigate the strength of 
Redux-bonded panels of various thicknesses. 


With regard to the distortion occurring 
during bonding at 145°C., he knew that some 
did occur but their experience was that it 
could usually be reduced to far less than that 
which occurred with riveting and spot weld- 
ing. He would have thought that 145°C. 
was hardly a high enough temperature for 
much “stress relieving” to take place. 


Mr. Giddings: In bonding stringers to a 
skin in a steam-heated press the skin was 
usually in direct contact with the lower 
platen of the press, whereas the stringers 
were always a short distance from either 
the upper or the lower platen. After bond- 
ing was completed the press was cooled by 
passing cold water through the platens, and 
the skin, which was actually in contact with 
the platens, might cool a little more quickly 
than the stringers. If this did occur then the 
panel would be “bowed” laterally when 
taken from the press but if care were taken 
to ensure that the stringers were not 
unnecessarily distant from the top platen of 
the press (due, for example, to the use of 
thicker jigs than necessary) and if cooling 
were not carried out too precipitately, then 
no such distortion would occur. He was 
quite certain that distortion arising in this 
way had been the cause of some of the lower 
results obtained with Redux-bonded com- 
pression panels and was equally certain that 
it was a difficulty which was easily overcome 
as experience in carrying out the process was 
gradually acquired. Perhaps it was an 
example of what the Americans referred to 
as “know-how ”! 

The shear strength of a Redux joint did 
fall at temperatures above 60-70°C. but it 
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was at least equally important that there was 
no such loss in peeling strength until at least 
90°C. In fact there might even be a slight 
increase in peeling strength up to this tem- 
perature. 


He had dealt with inspection procedure 
in replying to Mr. Hancock but would like 
to add that even though it might not be pos- 
sible to interpret the results of the “ peeling ” 
test as design data, it was nonetheless a very 
searching “quality control” test and there 
was no evidence to suggest that specimens 
which were inferior in any way would pass 
it. It might even establish an unnecessarily 
high standard but he had much rather that 
for the present the error was in that direction. 


It was interesting that the Redux bonding 
of Dove components had proved cheaper 
than riveting would have been but it was 
difficult to generalise from that example. 
Much depended on the design of the com- 
ponents and their suitability for bonding but 
it must always be remembered that holes for 
rivets were drilled and countersunk individ- 
ually and that the rivets must be put in one 
at a time, whereas with a gluing process a 
large area could often be bonded in much 
the same time as a smaller one. 


Mr. Tyson: He agreed with Mr. Tyson’s 
statement of the advantages of Redux bond- 
ing, particularly his remarks on the fatigue 
properties of riveted and bonded structures. 
Naturally a cold-setting adhesive would 
prove useful but it had not proved an easy 
matter to develop such an adhesive which 
would give bonds which were sufficiently 
strong both at normal and at elevated tem- 
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peratures and which were also sufficiently 
resistant to petrol, paraffin, lubricating oil, 
de-icing fluids, and so forth, and, perhaps 
more important, to prolonged exposure to 
the weather in any part of the world. It 
must also be remembered that the advantage 
of a resin setting at room temperature might 
well be offset by the long time required for 
the curing of such a resin. An example of 
that might perhaps be found in the glues 
used for making wooden aircraft. Although 
they gave satisfactory results when cured at 
room temperature, many aircraft manufac- 
turers found it worth while to accelerate their 
curing by raising the temperature. Another 
example might be found in the manufacture 
of plywood, where hot and cold-setting glues 
were both freely available but where, in 
practice, hot setting glues were always used. 

The explanation of the weight saving on 
the servo control tabs made by the Bristol 
Aeroplane Co. Ltd. was as followed: The 
direct weight saving on the various tabs was 
approximately 15 lb. due to changing from 
riveting to Redux bonding. The saving on 
the balances for the tabs in the controls was 
about three times that weight, i.e. 45 Ib, 
giving a total of 60 lb. This in turn might 
result in a saving in the balances for the 
controls of about three times that weight, i.e. 
180 lb. Thus the total might be about 
240 lb. Those figures were approximate but 
they did indicate the weight saving which 
might occur by using Redux on servo control 
tabs. 

Mr. Crowe: Mr. Crowe and his company 
had had such a long and varied experience 
with Redux, he appreciated his remarks. 
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A NOTE ON THE TIME REQUIRED TO 
MAKE A LEVEL SPEED MEASUREMENT 
WITH A TURBINE-JET AIRCRAFT 


by 


K. J. LUSH, B.Se., 


SUMMARY 

It was desired to confirm quantitatively 
pilots’ impressions that on turbine-jet aircraft 
in the region of 40,000 ft. the level speed 
stabilised very slowly. 

The time required to make a conventional 
level speed measurement has been examined, 
for a representative turbine-jet aircraft, over 
a wide range of air speed and height. The 
results are compared with those for a typical 
piston-engined aircraft and their implications 
discussed. 

It is concluded that the time required to 
make a conventional level speed measure- 
ment increases rapidly with height, in the 
absence of compressibility effects on drag, 
and is about five times as great at 40,000 ft. 
as at sea level. It is inconveniently large at 
high altitude and level speed measurements 
there will require very long runs, unless it is 
arranged that each run is started at an air 
speed near the steady level speed. 

This increase will be present in most level 
speed tests, especially those in the region of 
the best speed for range. In maximum level 
speed measurements, however, compressibility 
effects may be present and the air speed may 
then be expected to settle down quickly. 

The need for long runs at high altitude is 
not peculiar to jet aircraft, but has come into 
prominence concurrently with them. 


NOTATION 

d 4 
“a 
D=aircraft drag 


a= 


Paper received February 1950. 
Mr. Lush is a member of the Aeroplane and Arma- 
— Experimental Establishment, Boscombe 
own. 


e=base of natural logarithms 
g=acceleration due to gravity 
H=height of aircraft above some 
arbitrary datum 
y=ratio of speed to minimum power 
speed (= 
(L/D) max= maximum lift/drag ratio 
T =engine thrust 
t= time 
time (minutes) 
V =true air speed 
V,=steady level speed 
V ima = equivalent air speed for minimum 
drag 
W =aircraft weight 
Y=(V/T\dT/dV), the variation of 
thrust with speed at the stabilised 
speed 
A=ratio of stabilised air speed to 
speed for minimum drag 
o=ratio of density to standard sea 
level density. 


1. INTRODUCTION 
Pilots making level speed measurements on 
turbine-jet aircraft at heights in the region of 

40,000 ft. have commented on the length of 

time required for the air speed to stabilise. 

It was desired to investigate this feature 

analytically. This is done below, with the aid 

of the following two concepts : — 

(i) steady level speed—the air speed at 
which the longitudinal acceleration in 
rectilinear level flight is zero. 

(ii) relaxation time—the period over which 
the difference between the air speed and 
the steady level speed falls to 1/e of its 
initial value. 

The time required to make a conventional 
level speed measurement is roughly assessed 
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in terms of the relaxation time. The relaxa- 
tion time is calculated for a typical turbine- 
jet aircraft for a wide range of height and 
true level speed, and compared with that for 
a typical piston-engined aircraft. The impli- 
cations of the results are discussed. 


2. THE TIME REQUIRED FOR A 
LEVEL SPEED MEASUREMENT AS 
A PROPORTION OF THE RELAXA- 
TION TIME 


When making a level speed measurement 
a rough estimate is first made of the steady 
level speed to be expected. Starting at an air 
speed near this estimate, the aircraft is then 
flown at constant altimeter reading until the 
air speed settles down to a value at which it 
remains sensibly constant for a period of one 
to five minutes, the period chosen depending 
on the rapidity with which the air speed 
settles down. This value is then taken to be 
the true level speed. The time required thus 
depends on the accuracy of the initial estimate 
and on the acceleration available. 

The difference between the aircraft’s 
instantaneous air speed and the steady level 
speed decays exponentially if the initial 
difference is not large. An indication of the 
rapidity with which the speed settles down 
therefore is given by the relaxation time. 

In the absence of a special technique the 
initial difference between the air speed and 
the steady level speed will usually be of the 
order of 5 per cent. and the run will usually 
be continued until this difference has fallen to 
about 1/3 per cent. If ft, minutes is the 
relaxation time the speed will then have 
changed by only (e—1)/3 per cent., i.e. by 
about 0.6 per cent., in the last tp minutes. 

Unless special steps are taken to ensure 
that each run is started at an air speed near 
the steady level speed, the time required for 
a level speed measurement is approximately 
that in which the difference between the air 
speed and the steady level speed will fall to 
one-fifteenth of its initial value. That is, the 
time required is approximately f, log, 15, or 
about 2.7 te, minutes. A good idea of the 
time required to make a level speed measure- 
ment is thus obtained by assuming it to be 
three times the relaxation time. Of this time 
only the last half would be used as a basis 
for estimating the true speed. The first half 
would be disregarded as unstabilised. The 
error involved in the estimate of the mean 
speed would be slightly less than twice the 
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difference between the final speed and the 
true steady level speed, i.e. on the foregoing 
basis, about 1/2 per cent. 


3. MATHEMATICAL RELATIONS 


Over the small speed range with which we 
are concerned we write 


dV/dt=-aWV-V,) (1) 
where 
= 
a=-— iV at V=V,, and is positive. 
Hence the relaxation time fz is given by 
60tr=l1/a. . (2) 


It is shown in the Appendix that in the 
absence of Comp effects on drag 


ws (=) (14 g dH). 


x 


| (2-¥)- _(2+Y) | 


4. RANGES OF VARIABLES 


The equivalent air speed for minimum drag 
is usually in the range 200 tu 300 ft./sec. 
X is always greater than unity in level speed 
measurements and ranges between about 1.3 
at the optimum speed for range and about 
3 at high speed at low altitude. (L/D),nax is 
normally between 10 and 16. The term 
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Fig. 1. 


Variation of relaxation time with height. Typical 
jet aircraft. 
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TIME REQUIRED FOR LEVEL SPEED MEASUREMENT 


TABLE I. 


RELAXATION TIMES FOR TYPICAL TURBINE-JET AIRCRAFT 


| | True air 
Sea level 1 | 13 | 325 0.08 —0.8 1.13 
| 375 0.06 0.90 
| 20 | 500 0.04 —0.6 0.66 
| 2s | 0.06 —0°3 0.59 
| 30 | 750 0.06 +0.1 0.58 
20,000 ft. | 1370 | 445 0.08 ~0.3 2.10 
| | 415 | 514 0.06 —0.2 1.60 
| 18 616 0.05 | 1.36 
| | 20 | 685 0.04 +01 | 1.26 
| 754 0.05 +01 | 1.08 
40,000 ft. | 2.015 1.3 654 0.08 +01 | 451 
| 1.4 704 | (0.07 +02 | 3.93 
1.5 754 (0.06 +03 | 3:50 


(g/V (dH /dV), which arises from the change 
in height with air speed due to position error 
changes when accelerating at constant alti- 
meter reading, lies in the range from —0.2 to 
+0.1 approximately. It varies with equiva- 
lent air speed, for a given aircraft, but is 
sensibly independent of height. 


Y will lie approximately in the range from 
-1.0to +0.5. It is large and negative at low 
engine speeds and low altitude but increases 
with engine speed and altitude. Note that 
over a small range T varies as V’. 


5. AN EXAMPLE 


As an example a hypothetical fighter has 
been considered which was similar to the 
Meteor Mk. 4, and for which the following 
values were taken: Ving=250  ft./sec., 
= 12. 

The values of (g/V)(dH/dV) (at constant 
altimeter reading) and of Y have been 
——— to be the same as for the Meteor 

k. 4. 


With these assumptions the relaxation time 
tr has been evaluated and is presented in 
Fig. | and Table I. It will be seen that its 
value at 40,000 ft. is large, being about five 
times as great as that at sea level even at the 
same value of A. This difference will be 
increased in practice by the fact that rather 
lower values of A are of interest at high 
altitudes than near sea level. 


_Of the five-fold increase, about half is due 
directly to the decreased density of the air, 


which increases the change in true speed 
required to bring about a given change in 
equivalent air speed*. The remainder of the 
increase is due to the increase in Y, the rate 
of variation of thrust with air speed (cf. 
Section 4). For example it will be seen that, 
ata A of 1.3, Y is —0.8 at sea level, so that 
thrust varies as V~°* whereas at 40,000 ft. 
Y is +0.1, so that thrust varies as V°?. 


6. COMPARISON WITH PISTON- 
ENGINED AIRCRAFT 


The problem is discussed for piston- 
engined aircraft in reference 1. Relaxation 
times for a typical piston-engined aircraft 
may be deduced from Fig. 39(b) of that refer- 
ence, in which /o fo1, which is 60 
is plotted+ against K,, which is Ax /3. Ky 
will lie between 1.3 (for best range) and about 
2.5 (at high speed at low altitude). Relaxa- 
tion times so deduced are given in Table II; 
it is sufficient to remark here that they are of 
the same order as those for the turbine-jet 
aircraft. 


*The drag at a given equivalent air speed, in the 
absence of compressibility effects and so on, will 
be independent of height. 


+The vertical scale of Fig. 39(b) is in error, and the 
figures read off for ot), should be multiplied 
by 10. 
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7. DISCUSSION 


It is believed that the example of Section 5 
is typical and that the large increase of 
relaxation time with altitude will be 
encountered on all turbine-jet aircraft in the 
absence of compressibiliy effects. It will thus 
be present in most level speed tests, other 
than measurements of maximum level speed. 
In particular, it will be present at speeds in 
the region of the best air speed for range. 
When, however, compressibility effects on 
drag are present the associated rapid rise of 
drag with increase of air speed will tend to 
produce rapid stabilisation at all altitudes. 


It follows that conventional level speed 
measurements at altitudes of the order of 
40,000 ft. will often require very long runs, 
of the order of 15 minutes, unless it can be 
arranged that each run is started at a speed 
very near the steady level speed. In a 
research investigation in progress at the 
A. & A.E.E. this is being attempted by 
adopting a special test programme. An air 
temperature measurement is first made and a 
series of level speed runs is then made at 
engine speeds so chosen by reference to the 
observed temperature as to give, approxi- 
mately, pre-determined indicated air speeds. 
The pilot is given a card from which he 
chooses his engine speeds according to the 
range in which the observed temperature falls 
and he arranges that each run is started at an 
air speed near the estimated steady speed. 


This method requires some knowledge of 
the performance of the aircraft, which may 
be obtained from preliminary tests; it may 
not be the best for routine work, and a re- 
assessment of the relative suitability of the 
conventional and other test techniques seems 
desirable. 


The long level speed runs required at these 
high altitudes have not presented a serious 
problem until recently because level speed 
measurements at such heights (of the order 
of 40,000 ft.) have rarely been required. With 
the general increase in operating altitudes, 
however, they have come to form an essential 
part of performance tests on high altitude 
fighter aircraft, and may be expected to con- 
tinue to do so for some years. With jet air- 
craft, range tests at these altitudes are also 
necessary, because operation near the cruising 
ceiling, for such aircraft, is essential to the 
achievement of a range performance near the 
optimum. 
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TABLE II. 
RELAXATION TIMES FOR TYPICAL PISTON-ENGINED 
AIRCRAFT 
; True air tr 
Height Ky speed (minutes) 
(ft./ sec.) 
Sea level 1:3 189 212 
2.0 292 0.78 
364 0.58 
20,000 ft. 1.3 260 2.90 
2.0 398 1.07 
40,000 ft. ts 381 4.28 
2.0 585 EST 


8. CONCLUSIONS 


In a level speed measurement the aircraft 
air speed approaches the steady level speed 
exponentially, and unless special steps are 
taken to ensure that the run is started at a 
speed very near the steady level speed, the run 
must be maintained for about three times the 
corresponding relaxation time to obtain a 
satisfactory indication of the steady level 
speed. 

The relaxation time for a level speed run 
with a turbine-jet aircraft varies rapidly with 
height, being about five times as great at 
40,000 ft. as at sea level. In consequence, the 
conventional level speed measurement tech- 
nique involves inconveniently long runs at 
high altitudes. 

The time required can be reduced by 
arranging to start the run at an air speed 
very near the steady speed. This, however, 
complicates the test routine and necessitates 
some knowledge of the performance of the 
aircraft from preliminary tests or from other 
sources. A re-assessment of the suitability 
of the conventional and other test techniques 
therefore seems desirable. 

The long relaxation times at high altitude 
are not peculiar to the jet aircraft, but per- 
formance measurements at such heights have 
not been required frequently in the past. 
They will, however, be essential to a satis- 
factory knowledge of the performance of a 
fighter during the next few years. 

It is proposed to re-assess the merits of the 
various performance techniques for turbine- 
jet aircraft. 
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TIME REQUIRED FOR LEVEL SPEED MEASUREMENT 


APPENDIX 
THE VARIATION OF ACCELERATION WITH AIR SPEED 


W dV W dH W dH dv 


te wv 2), 
dt ®§\w Ww 


If it is assumed that, for flight at constant altimeter reading, (g/V)\(dH/dV) is 
independent of air speed over the relatively small range with which we are concerned, 
then 
+ av) av \ dv dav 
Also, as we are concerned with a small range of speed about the steady level speed 
and a small range of height it may be assumed that 
(i) T=D approximately 
(ii) the air density is approximately constant. 


WdV ~WVTav y 


2 


2 41) 
~ V (L/D) max 


Hence 
AVo 


1 
(L/D) max 2 Vima 


Therefore if tz is the relaxation time in minutes 
60te=1/a (Section 3) 


= (L1 (1+ {5-7 Y) 
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REVIEWS 


FLUID PRESSURE MECHANISMS. H. G. Conway. Sir Isaac Pitman & Sons Ltd. 
London. 1949. 218 pp. Diagrams. Index. 25s. net. 


There are very few publications dealing with hydraulic and pneumatic systems 
in aircraft and this book is a notable addition to their number, particularly as the 
author has a long personal experience in this specialised section of aircraft 
engineering. 

It would clearly be impossible to compress a general text book on these two 
subjects within the compass of littlke more than two hundred pages and the author 
has chosen, as the title indicates, to concentrate on diagrammatic representation of 
components and systems by reducing the variations and complexities of individual 
designs to their simplest fundamental mechanical form. Some of these mechanisms 
are well known, others may have only limited use, but in total they represent the 
available paths along which a designer may seek the required solution to his 
problems. 

This process not only simplifies but also clarifies a complex subject and in 
addition it stimulates creative thought by showing clearly how the fundamental 
elements of a known design can be re-arranged in another way. 

The subject is dealt with from first principles and there is no doubt that the 
book will be as useful to the student who knows little of the subject and is anxious 
to build on firm foundations, as to the specialist who is already familiar with the 
basic principles but who will certainly find it a most useful means of reference for a 
wide variety of purposes. 

The book is divided into two parts, the first of which deals with the mechanism 
of individual components, the second being devoted to description of the way in 
which they are combined to form complete systems. In both cases it is necessary 
that the text should be profusely illustrated and this is most adequately covered by 
well over five hundred diagrams. 

In the text every effort has been made to avoid showing undue partiality for 
one mechanism over another and as a consequence, as the author himself points out 
in his preface, there is no tendency to reflect contemporary design fashions. This 
is likely to increase the value of the information given over a period of years, 
particularly if any additions which may be found necessary are made in future 
editions, which will doubtless be justified. 

Here in a concise and convenient form is a wealth of information which would 
otherwise have to be compiled from analysis of contemporary design and a careful 
search of patents and text books. It is likely to be of equal value to the specialist as 
a work of reference and also to those in other branches of aircraft engineering who 
have a need for a good general knowledge of these subjects, either as designers or 
users.—S.M.P. 


SUPERSONIC AERODYNAMICS—A THEORETICAL INTRODUCTION. Edward R. C. Miles. 
McGraw-Hill. 1950. 255 pp. Diagrams. Index. 34s. net. 


Although there are several good text books on supersonic aerodynamics avail- 
able, the field is far from being adequately covered and there is ample room for 
new treatments and new selections of materials. Thus any new book on the subject 
is to be welcomed. In considering this book attention must be drawn to the sub- 
title, which needs some expansion and explanation. It is, in fact, a theoretical 
introduction to the problems of the flow of a perfect fluid and the reader will not 
only find no application to the problems of aircraft, but will find no mention of a 
boundary layer and no hint of the way in which viscous effects can cause the flow 
to break down in real cases. This limitation of scope is quite justifiable. However, 
in other books on the subject the chapters covering these points have been the 
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weakest section and there is a real need for an adequate discussion of these points. 
(Possibly some of these points may be dealt with in Bonney’s “Engineering Super- 
sonic Aerodynamics” due from the same publishers.) 

Although the approach is entirely theoretical, this is not a mathematician’s 
volume. A main feature of the book is that a full mathematical training is not 
assumed on the part of the reader and most engineers working in or near this field 
will find the book quite readable and will welcome the detail given in the 
mathematical analysis. 

After a general introduction (developing the concepts of divergence, circulation 
and the potential function) the application of the method of characteristics to two- 
dimensional and axially symmetric flow is described, the latter being dealt with in 
some detail—more than its practical usefulness may warrant. The linear theory is 
also developed and applied again to two-dimensional aerofoils and bodies of 
revolution. Here one might wish for some examples of the application to aerofoils 
of finite aspect ratio. The book is completed by a good chapter on the flow past 
cones, a discussion of shockwaves, omitting shock intersections, a chapter on the 
hodograph transformation dealing mainly with Chaplygin’s work and a chapter 
comparing flows with shocks with comparable isentropic flows, which emphasises 
usefully the small effects of entropy change with the weak shocks usually 
encountered with thin wings and slender bodies. There is some confusion in places 
in the discussion of the physical background, for example the introduction to the 
chapter on shock waves is very confused. 

The author makes a special point of the examples but these, which vary from 
triviality to considerable difficulty, seem to be more tests of algebraic manipulation 
than of aerodynamic understanding. They will be of more use to students than to 
aeronautical engineers. The numerical values of the various functions of the ratio 
of the specific heats appearing in the equations are used throughout, which seems a 
pity. Few misprints have been found and the only one which might cause confusion 
is the writing of “ pressure ratio” for “ pressure coefficient” in Fig. 69. 

This book is not a complete course in supersonic aerodynamics, but it covers 
an essential part of the field and despite the detailed criticisms which have been 
made, manages to be essentially readable and it deserves to be widely read.—L.F.N. 


PROPERTIES OF METALS AT ELEVATED TEMPERATURES. George V. Smith. McGraw- 
Hill, New York and London. 1950. 400 pp. 236 figures. Appendix. 
Index. $7.00 net. 


Since the end of the Stone Age, not merely until today, but for an unmeasured 
and unmeasurable period yet to be, the development of material civilisation has 
depended and will mainly depend on man’s increasing mastery of the chemistry 
and physics of metals. Mechanical power, either direct from heat engines or 
by way of the agency of electricity has, by its very economy in human effort, done 
more than the humanitarians themselves to liberate mankind from the shackles of 
manual labour. 

Today, when electricity, surely the greatest of the liberators, is being produced 
by turbine units of 100,000 and more horse power, using steam at over 1,000 
lb./in*., at a superheat of more than 500°C., ever-increasing demands are being 
made upon the metallurgist, while the further growth of the Cinderella of power 
plants, the gas turbine, depends at least as much on him as upon the mechanical 
engineer. 

Such being the position, it is both fitting and opportune that George V. Smith, 
of the Research Laboratory of the United States Steel Corporation, should give us a 
book at this time on the properties of metals at elevated temperatures, but has he 
given us the right book? In the opinion of the reviewer, he has done a good job, 
but has attached quite the wrong title to it. Were this erudite, well-written and 
excellently produced work called “An Introduction to the Study of Metallic 
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Materials at High Temperatures” this would far more adequately describe its 
contents. 

The first six chapters constitute a sound review of current ideas on such aspects 
of metal physics as the general principles of plastic flow, creep and fracture. A 
chapter on testing follows and after this there is some practical information in 
relation to ferrous and non-ferrous alloys. What is said of the former is more 
satisfying than that which relates to the latter, while as regards the aluminium alloys 
the author is somewhat inadequate. 


A reader requiring a treatise on some aspects of physical metallurgy will find 
this work worth while. On the other hand, a mechanical engineer hoping to get 
help in the solution of some high temperature problem, will find it a disappointment. 
Finally, the index will give satisfaction to nobody—to omit both Nimonie and 
Inconel in the index of a work on high temperature materials is surely an example 
of mental aberration in excelsis? It is but fair to add, however, that the author 
deals in the text with both alloys. —P.L.T. 


INTRODUCTION TO HELICOPTER AERODYNAMICS. W. Z. Stepniewski. Rotorcraft 
Publishing Committee, Morton, Pennsylvania, U.S.A. 1950. 158 pp. $2.00 net. 


Volume I on Performance is the first of a series of booklets which the Rotorcraft 
Publishing Committee is preparing with the object of advancing the theory, design 
and practical development of rotary wing aircraft. Subsequent volumes will cover 
Blade Dynamics, Air Loads, Stability and Control, and Helicopter Design. 

The first quarter of Volume I gives a simplified presentation of the funda- 
mentals of aerodynamics. Mathematical complexity is omitted, a selected list of 
references being appended for those who may wish to make detail studies, with the 
result that mechanical engineers will read the subject matter with appreciation. 
The usefulness of the concept of circulation around an aerofoil and of Conformal 
Transformation are typical of the subjects which are explained quite simply. The 
characteristics of laminar flow aerofoils and the influence of Mach number on force 
and moment coefficients are described. 


The second quarter of the book is devoted to the three classic theories of the 
propeller—Simple Momentum, Blade Element and Vortex. Here again attention 
is directed mainly to the underlying physical principles and not to mathematical 
manipulation. A discussion of these theories forms an excellent background for 
the student in his approach to the problem of vertical flight. 


It is in the third quarter of the book that this problem is met. Here the 
significance of the basic parameters of the rotor is what the author wishes to 
establish and he achieves his aim by simple logic. The complete absence of charts 
and lengthy numerical calculations clears away from the reader’s eyes irrelevant 
matter which would merely confuse the issue. References are provided at each 
chapter for those whose appetite has been whetted and who wish for more. 


Finally, the last quarter extends the theory to cover forward flight, both 
powered and auto-rotative. Part of what is included usually under the term 
“profile power” is considered as a contribution of the rotor to the parasite power. 
This is cited only as one of many physical interpretations which permeate the whole 
volume and enhance its attraction to the reader. The descriptive paragraphs on 
auto-rotation are clear and precise. 


The book, besides presenting ably and authoritatively the fundamentals of 
rotary wing theory, is fluently written and attractively illustrated. It thus requires 
little effort to follow the absorbing story from cover to cover and the reviewer looks 
forward to the next instalment of the serial. The author’s intention is to capture 
the interest of the mechanical engineer and the young graduate and it is to these 
and others of similar technical training that such literature will make its strongest 
appeal. The low price of $2.00 reflects the Committee’s policy of publishing the 
series on a non-profit making basis.—J.A.J.B. 
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HANDBOOK OF AERIAL MAPPING AND PHOTOGRAPHY. Major Trorey. Cambridge 
University Press. 1950. 178 pp. Illustrated. 25s. net. 


Those who knew Major Trorey during the German Campaign will be glad 
to see that he has made available the very valuable Air Survey technique and 
methods which were developed by him to compete so successfully with the 
phenomenal mapping demands of the Army. For those concerned with the 
running of an air survey organisation the book presents a very clear picture of the 
essentials of theory and practice required to ensure an efficiently run map-making 
machine. 

Dealing with the subject matter of the book in detail there are a few comments 
one might make. 

The author has devoted the first four chapters out of a total of eleven to 
the subject of Obliques. No doubt the Canadians are in the fore-front of the 
development of oblique technique, and Major Trorey produced some valuable 
results with his oblique methods, particularly for study of the height of river 
banks during the advance into Germany, but the further development of modern 
photogrammetric technique is unlikely to derive anything more of value from 
oblique methods, and in a book of this type study of such methods could be 
omitted without great loss to the value of the rest of the book. 

The chapter on Parallax is good. It is just that little bit more than “ Parallax 
without Tears” which makes it valuable to the operator meeting the subject for 
the first time, and will put him in the position of being able to solve for himself 
most of the problems which are so perplexing to the untrained inexperienced 
photogrammetrist. 


On Page 91 a few words are devoted to the subject of Motion Aberration. 
Major Trorey has in the past cleared away many of the practical difficulties 
encountered in Photogrammetry. He might now turn his mind to a study of 
Motion Aberration as one of the few remaining obstacles to the further develop- 
ment of Air Survey technique for large scale mapping. On the subject of obvious 
omission, one might further say that the author only lightly considers the question 
of the influence of Film Distortion on the accuracy of the finished map. Here he 
might find a field of valuable study in considering how to get rid of one of the 
last of the bugbears of the seeker after more accuracy in Photogrammetry. 


There is no Royal Road to proficiency in Radial line plotting, but the author 
has concentrated on stressing the essential practical points of the technique in his 
treatment of the subject, and the drill has been reduced to its simplest terms without 
saying too much on the technical side. 


In dealing with the slotted template the author very wisely says “the problem 

. will be understood by laying a block better than by description,” but there 
are so many practical difficulties which may be encountered before and during 
the laying down of the block that this subject might have been usefully treated 
more fully. Incidentally, the “Zero Adding Section” has been busy on the caption 
to Fig. 63 and the reference to the figure on Page 105—S00 sq. km. are hardly 
worth controlling by Slotted Template methods! 


While there is no doubt that there will always be a need for an instrument for 
carrying out precise rectification of photographs, and there is equally no doubt 
that the Trorey Anharmonic Rectifier is probably the most efficient of the 
instruments which can be used to do quick rectification in the drawing office, it is 
important to bear firmly in mind the wide difference between the two types of 
instrument. It is suggested that, too often, potential users of Air Photographs have 
been led to expect too much from maps prepared by the use of the simpler type 
of rectifier, with the result that faith in the accuracy to be obtained from Air 
Survey methods has been largely shaken. 

The remaining part of the book, which deals with the practical side of making 
maps, is the most valuable. In particular, Appendix I which is obviously a straight 
reprint of Major Trorey’s War-time Instructional Manual, gives the results of the 
author’s successful experience in training a team in photogrammetry from scratch. 
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The Appendix shows signs of hasty editing and would well have repaid the effort 
of writing in clearer English. On Page 153, Para. 3/252, reference is made to the 
“Benson Area.” No doubt many of us will get a nostalgic pleasure out of seeing 
the words now in somewhat happier circumstances, but it is doubtful if future 
operators will understand what the phrase means in a manual of Photogrammetry! 
But despite these somewhat facetious criticisms, the whole treatment of the 
subject of teaching the operators is extremely valuable and no one can deny that 
by his teaching methods the author certainly produced very fine results.—A.P. 


CORRESPONDENCE 


ELEMENTARY ASPECTS OF TECHNICAL STATISTICS 


There is something in the paper “Elementary Aspects of Technical Statistics 
and Common Fallacies” by Mr. W. E. Thornton-Bryar (July 1950 JOURNAL) which 
1 do not understand: 


P. 470—80 aircraft. 41 engines replaced in six months. 
(a) 41 replacement engines is just under seven a month not just over eight. 
(b) The calculation based on percentage of engines at risk is surely 
misleading. The formula 


x x = =5.65 per cent. a month 
can be written 
Kn 100 


where n=the number of months in the observational period and K a 
constant (in the example ~7). 

The expression (1) tends to zero as n tends to infinity. 

Thus for a 12 months’ observation period we have 


82 100 

i062 x ==4.2 per cent. 
for a one month period 

6.85 


—— > 
86.85 100~5.9 per cent. 

The air crew work is to change about seven engines a month and no percentage 
calculation alters this. The spare engines cannot be estimated without much more 
information but this equally cannot be affected by the observational period, except 
in so far as a longer period gives greater precision to the estimate and hence 
reduces the number required for any confidence level. 
John D. North, Fellow 


Mr. Thornton-Bryar’s paper on “ Technical Statistics and Common Fallacies ” 
would be of so much interest to present and past members of the Royal Air Force, 
that it was a pity he said nothing about the history of aero-engine reliability 
Statistics in that Service, and how they originated. 

During the 1939-45 War, the approved service lives of military aero-engines 
were promulgated to Commands and lower formations by the Air Ministry, but 
Commands had the power to vary these “lives between overhauls” as a result of 
their operating experience. For the first four years of the War, any such variation 
was done largely as the result of strip examination of such engines as managed to 
run their full life: if a reasonable number of engines stripped in good condition, 
that was a fair indication that the service life could be increased, and no attempt 
was made to study the incidence of engine failure as a function of hours run since 
new or since complete overhaul. 


Kn+ 80 n 
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During the rapid expansion of Bomber Command in 1943, the Command 
engineer staff found themselves between two opposing factions, with the squadron 
engineer officers objecting most strongly to the unreliability of completely over- 
hauled “Whistler” engines and the repair organisation maintaining that the 
overhauled engines were every bit as good as new “Whistlers” of similar mark. 
The only way to determine who was right was to saddle the harrassed squadron 
engineer officers with yet more paper work by making them segregate the monthly 
flying times of aircraft by mark of engine installed (and there were six different 
engine marks concurrently in use in one type of heavy bomber), in order that the 
monthly flying times of every engine mark/aircraft combination might be deter- 
mined. At the same time, a quarterly return showing all engines installed by mark 
and age group was instituted; also, a monthly return of engine changes, classified 
in groups similar to the author’s Table VI. From this information, it was possible 


(i) to correlate engine defect reports with hours flown, and hence to get some 
idea of the relative seriousness of the defects from maintenance and safety 
considerations; 


(ii) to review quarterly the failure rate, for ten thousand hours flown, of each 
engine/aircraft installation, plotted on an engine life basis. 


With all engines, the incidence of failure due to engine defects fell during the first 
fifty hours after installation and then rose fairly uniformly with increased running 
time. The reasons for the high initial failure rate are not difficult for an engineer 
to understand, for all reciprocating engines are likely to experience teething troubles 
in their early life, before the many sliding parts have been properly run in, and 
before those engines with faults incorporated by human fallibility have been weeded 
out. Some engine types exhibited a drastic increase in failure rate beyond a fairly 
well defined life and it was easy to decide what to do with them. Others continued 
to grow progressively less reliable along a more or less linear curve, and the lives 
of those between overhauls were determined by fixing a maximum acceptable failure 
rate, the value of which depended on the danger of engine failure in flight in the 
aircraft concerned. The economics in pounds, shillings and pence were not worked 
out—but they very rarely are in time of war and, in any case, the biggest factor 
of all, the value of human life was imponderable. 

Those statistics and failure rate curves were anathema both to squadron 
engineer officers and to higher authority: they were cursed by the former for 
increasing still further the number of forms they had to complete and by the latter 
for questioning the quality of the repaired engines with which they were supplied. 
However, despite much opposition, they did at last succeed in putting engine 
reliability statistics on a firm basis, and in getting that basis adopted by the Air 
Ministry. More tangible results from the points of view of the air crews and of the 
maintenance personnel were the tightening up of engine overhaul procedure and the 
wholesale scrapping of early types of “Whistler” engine which had served their 
purpose and which had become unsafe to operate by current standards. 

It was disappointing that Mr. Thornton-Bryar had chosen an American 
example to illustrate his points, particularly as that example covered only 80 
engines. There must be a wealth of statistics available from the wartime reports 
from Bomber Command, and they could hardly be of any help to an enemy or 
potential enemy now. The number of aero-engines operated at one time in that 
Command alone was numbered in tens of thousands, and five hundred “ Woofler ” 
heavy bombers having four “ Whistler” engines apiece would only have to fly an 
average of five and a half hours a day to accumulate one million engine flying hours 
in three months. With figures of that magnitude, statistics were of very real value, 
and it was more difficult for the person or persons aggrieved by the facts they 
revealed to take refuge in the popular definitions of statistics and statisticians 
quoted by the author, although they would always try to do so, particularly if the 
“Rattler” happened to be doing better than the “Whistler” and the engines were 
made by rival companies. 
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In peacetime, it must be almost impossible to obtain a sufficiently large sample 
of similar marks of engine in similar military aircraft to make statistical data very 
convincing. In civil aviation it was still more difficult, for a large airline might 
only operate a hundred aircraft, and it was doubtful if more than twenty-five of 
those would be alike. For those reasons, he sincerely hoped that the statistical data 
so painfully acquired in war had been preserved and would one day be published, 
and he was glad to see that the Engine Reliability Statistics Department which was 
set up at the Air Ministry at the request of the engineer staff at Bomber Command 
H.Q. continued in being in peacetime, when such departments were so easily 
abolished “‘to economise in staff”. 

S. B. Bailey, Assoc. Fellow 


Statistics certainly measured “ How we are doing”; Mr. Thornton-Bryar showed 
that a high number of aero-engines were still too susceptible to defects in their first 50 
hours’ running, but after this period they seemed to settle down gradually to a more 
reliable stage of life and then unfortunately, when this useful section of life was 
reached, the arbitrary time limit made a complete overhaul necessary. 

In the interest of economy, longer life was becoming an urgent expedient to make 
aviation pay; there were many types of British engine which should continue up to 
1,000 hours and more with a good safety margin remaining. How, in the opinion 
of the author, would 1,000 hours between major overhauls affect the economics 
of aviation? 

H. C. Beirs, Associate 


Mr. Thornton-Bryar was to be congratulated on his careful “cooking” of a 
statistical example in order to make it digestible to the uninitiated without offending 
the experienced. 

Although I agree with the conclusions made, I would like to suggest another 
and perhaps, for the rank and file, simpler method of approach. 

Mr. Thornton-Bryar rightly points out that the number of observations—from 
a Statistical point of view—is rather small, so that all numerical conclusions may 
be subject to severe correction in the light of future evidence. 

First I propose to eliminate the engines lost through “time expired” from the 
subsequent statistical analysis, as this deliberately planned “ murder” has nothing 
to do with chance failures but can be rigorously accounted for. 

The average technician likes to express failures in percentages: combining 
Mr. Thornton-Bryar’s Tables III and IV gives an opportunity to discuss the correct 
number to be chosen as the 100 per cent. reference number. Computing the 
percentage of failures on the numbers which entered each group will show too 
small a percentage, because the engines left in the group are still exposed to failure. 
Taking the number “exit” group, will give either too high or too small a value, as 
it is not known what number of the engines left will fail. The mathematician could 
give a number of other possibilities, taking the differences between engine entries 
and engine exits, weighing all these possibilities with probabilities, and so on. 

As the evidence is small, it seems reasonable to take simply the mean value 
of those “entered” and “left,” to correct for and possibly even to over-correct, 
the bias encountered by the reference “engines entered.” (The advertising manager 
of Whistler’s most certainly will disagree and favour the method which shows the 
least percentage.) 

The values are given in my Table I. A technical man without statistical 
training will draw a graph of the percentages and happily conclude: We find 
“Teething troubles” on about two per cent. of the engines put in service. The 
probability of failure will increase with the life from about two per cent. in the first 
50 hours, until it reaches about four to five per cent. at 250 hours. Possibly he will 
be right, although his own belief will possibly be shaken a bit by the fact that in 
the last 50 hours no chance failure occurred. 
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His statistically trained colleague will take a slide rule and trace a diagram 
of the points x,=B /(117.5—5), y,=B x,=B /(111-3), y,=B v3; and 
so on. 

This diagram, which corresponds to the arc sin transformation due to R. A. 
Fisher, will give an approximately correct weighing of the evidence in the several 
groups. The standard error will be nearly independent of p: it is 4 B in the diagram. 

He may draw a hypothetical line of four per cent. failure in the average and 
see that all points observed are inside two parallels to the four per cent. vector 
in the distance B. This distance corresponds to the inner suspicion limits used in 
quality control according to B.S.600R. He will therefore conclude: “until there 
is further evidence it seems permissible to calculate as if the Whistler engines will 
give failure by chance causes so that four per cent. of the engines in each 50 hours 
group will, on the average, be lost. 

He will show further that the evidence of zero failures in the last group is 
absolutely compatible with his assumption: on the average 1.24 failures were 
expected, the log log rule gives the probability to find zero failures in large scale 
repetition equal to 100 exp (— 1.24)=29 per cent. and he may use an idle hour to 
calculate the upper limits of the probability of occurrence with different levels of 
significance z as 1 —(z)'/*'. 

Again the advertising manager of Whistler’s will disagree and when speaking 
to higher authorities, will stress the fact that the points are also compatible with 
the assumption of scarcely three per cent., so that the publication of four per cent. 
seems a gross exaggeration evidently invented in order to keep Whistler out of 
business. 

The answer of Rattler’s advertising consultant, that up to 250 hours of service 
16 Whistler’s were lost and 73 engines left, which evidently makes up (16/73) 100= 
22 per cent., shows that the correct judging of percentages would be better if left 
to people with at least a lustrum of higher mathematical training. 

Nevertheless the simple figure of p=4 per cent. will have a meaning for service 
estimation and it will be easier to apply than a calculation of rates of loss for 1,000 
flying hours. 

It simply states: On the average four per cent. of all engines will be lost in 
each flying month of 50 hours for other causes than “time expired.” 

Knowing the age of the engines a quick estimation of the replacements required 
can be obtained and with a slide rule the reserve necessary to meet chance 
fluctuations around the assumed four per cent. average loss might be calculated. 


Considering a risk of error of 1 in 40 as sufficient, the limits are found either 
by a Poisson table, as in B.S. 600R, or by the Poisson approximation, which can be 
derived from Fisher’s arc sin transformation. If K. designates the normal standard 
deviation associated with a _ unilateral probability to surpass Ka, this 


approximation is 
d=(/np+4K.)’. 


Assuming the replacement for time expired to be somewhere between 300 and 
350 hours on account of the group classification, Table 2 is obtained which, 
incidentally, will show the limits of such a simplified calculation. It is by no means 
probable that the engines lost by the fourth month are the “ young ” engines. Having 
globally deducted the average or the maximum expected loss, some engines have 
been counted twice, i.e. in the time expired group and in the chance losses group. 

Only technical judgment can decide whether a more elaborate calculation, which 
takes account of the various age groups separately, is justified. 

In this example there is no practical difference and the error is less than that 
introduced by the sub-grouping of age, which corresponds to a full flying month. 
In four months the unit will have to rely almost entirely on engines which are to be 
delivered from now on, that means that the average replacement time of six months 
is a bit more than halved. 
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I fully agree with the general conclusions of Mr. Thornton-Bryar’s paper that 


a statistical judgment on the split-up of causes will be impossible until much more 
experience has been gained. 


A. 


B. 


Cc. 


I would suggest at first a slightly different classification : 

Serious troubles: troubles which, if they occurred in flight, would involve 
the immediate emergency landing of a single-engined aircraft, e.g. fracture of 
a crankshaft or connecting rod. 

Major troubles: troubles which, when occurring in flight, permit further flying 
for a limited time, but will require the immediate replacement of the engine 
after landing, e.g. slight burning of a valve seat. 

Minor troubles: troubles which should, or could have been repaired on the 
aircraft and which do not involve a serious flying risk, but where the engine 
was replaced for convenience (e.g. personnel were available) or as a measure 
of precaution owing to lack of experience with the engine. 


Statistical and technical reasoning leads to a rule-of-thumb method for dealing 


with these troubles: 


A. Every serious trouble must be carefully investigated at once. 

B. A major trouble, which occurs for the first time, does not necessarily lead to 
troublesome investigations: the probability of meeting one particular sort of 
trouble once among 100 engines is about 10 per cent. if it occurs only once 
in an average of 1,000 engines. 

A second failure of the same kind in about one in three hundred engines tested, 
makes it imperative to seek for a remedy. The probability that such a failure 
will occur only once in an average of one thousand engines is only about 0.5 
per cent., if it was found twice among 100 engines. 

A third failure of the same kind leads to the conclusion that the engine is 
definitely unsafe in this respect and involves the appropriate technical measures. 
The probability of meeting the same failure three times among 800 engines 
tested is only about 5 per cent. if it is found only once in, on the average, 1,000 
engines. 

C. Minor troubles should be treated by the service departments and should involve 
larger investigations only if either the repair on the spot is too expensive or 
if their type and frequency of occurrence endangers the flying readiness of the 
unit, e.g. starter troubles. 

TABLE 1 

Hoursrun Engines Group number Group 

lost — left enter exit mean percentage 

(i) (n) (p=100i/n) 
0- 50 5 2 121 114 117.5 4.25 
50-100 3 3 114 108 111 mF 

100-150 3 1S 108 90 99 3.0 

150-200 3 34 90 53 71.5 4.2 

200-250 2 19 53 32 42.5 4.7 

250-300 0 6 32 1 0 +25 lost “time expired ” 

300-350 0 l 0 

TABLE 2 
Chance loss 

Month Engines average maximum Loss by Engines Necessary 
enter “time expired” left replacement 
Ist 80 3 7.8 7 63-70 10-17+4% 
2nd 70 3 7 19 41-48 22-29+4% 
3rd 48 2 6 34 6-12 68-74+4% 
4th 12 0 3 15 ? nearly all 
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Fig. 1. Fig. 2. 
Arithmetical plot of the Statistical plot of the percentages. 
Percentages. x, y=10 /n mm. 
=“ teething troubles ”’? The 20 mm. parallels are the locus of a 1 in 40 


chance variation. 


The accumulated average chance loss in the first three months is three times 4 per 
cent. on 80 engines=9.6 engines lost with an expected limit of (/9.6+1)=17 
engines: a five-inch slide rule will give more precision than is justified by the data. 


E. Rossow (France) 


MR. THORNTON-BRYAR’S REPLY 


Before discussing the points raised by correspondents, he would like to thank 
others who had privately suggested corrections and fields for further study. There 
was a misprint in Table V (page 473): it should read: 


AGE LOSSES HOURS LOSSES FOR 
1,000 HOURS 
0- 50 5 5,875 851 
-100 3 5,550 541 
-150 3 4,950 .606 
-200 3 3,575 .839 
-250 2 2,125 941 
-300 25 825 30.303 
-350 0 25 0 
TABLE V 


Mr. J. D. North had pointed out that on page 470, column 2, there had been 
an “over-correction ” since 8.55 per cent. was a little under seven engines a month 
and not a little over eight, as inadvertently stated. He also pointed out that if the 
x this would tend 
to zero as n tended to become infinitely great. This was, of course, true and the 
computation should not be regarded as anything more than an aid to exposure of 
the fallacy of neglecting part of the population at risk. It was his contention that 
any formula which neglected age structure was liable to serious error, but perhaps 
he had insufficiently stressed this view. 

Mr. North also raised the question of statistical significance of results. This 
might be a subject inappropriate for a paper entitled “elementary”, but if he 
might risk excessive simplicity he would refer back to Fig. 1 and the footnote to it, 
and reiterate that the more information they had, the more likely they were to be 
right in their conclusions, and the less was the chance that they had picked an 
exceptionally good (or bad) bunch for examination. Confidence levels, or 
significance tests, were statistical mathematical tricks for guessing what the odds 


arithmetic in the next paragraph were formulated as: 
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were that their conclusions were within some given limits of accuracy. They 
could go on from stage to stage, testing what the chances were if their guess (on 
the odds that their conclusion was correct within certain limits) itself fell within 
certain limits, and they could test whether that chance fell within certain limits. 
There was no limit to this investigation except in the longevity of the statistician. In 
this case of aero-engines they could not decide in advance on a sample. They 
simply collected all the data they could, and at the end of their work calculated 
once whether the chances were 19 to | or 99 to 1 (in betting odds) that they were 
within a certain percentage of an accurate assessment. 

Air Commodore D. F. Lucking had sent him a paper on certain work of his 
on the mathematical assessment of general unserviceability of aircraft. He thought 
this to be at once more general, and more mathematically advanced, than the 
elementary and (he hoped) practical approach which was under discussion. He 
would like, however, to refer those interested to the 29th January issue of Nature, 
wherein Air Commodore Lucking’s paper appeared. 

Mr. S. B. Bailey’s knowledge of the historical background was more extensive 
than his. In 1943 he was concerned with climbing about, in, on, and around, 
military aeroplanes looking for any technical reasons that might prevent their 
return to base. Only records of engines of interest since 1947 had entered into 
his calculations, and even those were not really dealt with as fully as he would 
like. Such matters as the optimum utilisation of technical man power, the ratio 
of tradesmen required for different tasks, aircraft types, and theatres, how much 
aircraft flew (and why they did not or could not), and whether the career of a 
technical officer could be made more attractive to University graduates, all entered 
into the metrical mysteries of Air Ministry Statisticians. Aero-engine arbitrary lives 
were brooded upon and decided by a team of highly trained and long experienced 
R.A.F. officers. It was his job (pleasure and hobby) to help them as much as 
possible, but only inter alia. 

Mr. Bailey would no doubt appreciate that the Air Force, together with its 
civilian advisors, was far from a static organisation. In men the variation from 
30,000 to upwards of 1,000,000 and back around the 200,000 mark in a period of 
about ten years had meant abandonment of much continuous recording (among 
other dislocations). The frequency of postings, and the devotion of regular airmen’s 
time to the training of N.S.A. personnel (who returned to civil life before very 
much useful service had been obtained), were all causes of turbulence and 
improvisation. Engine calculations for obsolete or obsolescent types seemed 
simply beyond the capacity the Treasury could provide for work of that kind. 

He was sorry Mr. Bailey was disappointed that he used American engine rates. 
Tt was well known that the R.A.F. had many Harvard and other American aircraft, 
although in fact the engines used for those rates were of another type now in use 
(according to the daily papers) in Bomber Command. He presumed Mr. Bailey, 
like himself, was subject to the retrospective power of security regulations and that 
he would understand his using only already published, plus fictitious, figures to 
illustrate his points. After all, it was the method he was seeking to perfect. The 
examples were purely explanatory. 

It was encouraging to find that Mr. Bailey and others had made real efforts 
to obtain facts on the subject. Naturally the advent of the gas turbine was one 
of very great importance in this field and the “ build-up” of fresh information was 
likely to be well worth the trouble of collection and analysis. Unfortunately, it 
was neither a brief nor a cheap process, and unit recording by N.S.A. airmen was 
not always very reliable. He could wish Mr. Bailey’s last sentence were a correct 
assumption. 

It might interest Mr. Bailey that of recent years the current R.A.F. statement 
that “Reconditioned engines are a farce” was less true than formerly. 

Mr. Beirs took the illustrations rather more literally than he would like. He 
agreed that the more reliable the engine, the longer its life would be, and presum- 
ably the more would be the economy. In the Air Force the idea of “ making 


=e 


CORRESPONDENCE 


aviation pay” was not quite the same as for civil operators, and it was fairly 
safe to say that the frequency of using full throttle was far greater than comparable 
rates would be for most civil types. Lives and loss rates might well be far better 
in civil organisations. 

As a matter of opinion, he would try to answer his last question, but what he 
had to say was probably a poorly remembered repetition of what Mr. Peter 
Masefield once told him. 

The economy of longer life in all components of an aircraft was dispropor- 
tionately greater than the direct financial saving. For example, the extension of 
the average attainable life from 500 to 1,000 hours might reasonably be expected 
to approximately halve the cost of overhauls. 


But consider these environmental factors. In competition with modernised 
fleets of other countries it was necessary to replace aircraft with later types before 
their useful life was exhausted. If five years were a fair length of time before this 
kind of obsolescence occurred, the entire write-off cost of each aircraft must be 
recovered in freight charges during the period. That meant a large addition to ihe 
minimum economic freight rate that would cover all other costs and depreciation 
expences. 

Obviously the more freight the aircraft carried in five years, the more “thinly ” 
- the obsolescence cost could be spread, i.e. the cheaper was operation a ton mile. 
He thought B.E.A.C. aircraft flew about 100 hours a month. If they considered 
100 aircraft, that meant in five years about 2.4 million engine hours (assuming four 
engines an aircraft). That gave about 4,800 engine changes at 500 hours or 2,400 
at 1,000 hours. If they assumed, say, one day was taken for teams to change four 
engines, the extension of life had given one extra aircraft year as well as economis- 
ing on reconditions costs by 50 per cent., i.e. a saving of perhaps £1,200,000 plus 
£20,000 if it cost £500 to overhaul an engine and an aircraft cost £100,000. An 
arbitrary extension of life did not make engines more reliable, and if life were 
arbitrarily extended it might be found that crashes far offset any other saving. 


It was his own (cranky?) idea that every aircraft component should carry a 
money-back guarantee. Operators would buy what component offered the life 
they could afford. Manufacturers would probably have their risks underwritten 
and the less reliable components would cost more in premium. Hence the 
unreliable part guaranteed for 1,000 hours could cost a great deal because the 
premium might be greater than the original selling price and the manufacturer 
would have to charge the premium up in his costs, that is, in his selling price. 
More reliable components guaranteed for 1,000 hours would cost less to insure, 
and their selling price could be less. 

Thus manufacturers would have an economic incentive to compete on 
reliability. The more reliable the component the cheaper the cost, and presumably 
the bigger the sale. Unreliable products would be too dear to buy, and well- 
deserved bankruptcies might follow the production of dangerously shaky equipment. 
a doubted if this idea could be adopted in practice, but it might merit a little 
thought. 

M. Rossow’s congratulations were appreciated, both on the score of method and 
of conclusions. He proposed to deal serially with some of the points he had raised. 

He agreed that “ time expired ” engines might be eliminated at choice. Table VIT 
gave a breakdown of loss rates attributable to each of six arbitrary classes of reason 
for loss. The rates were additive horizontally and whatever combination was desired 
might be selected. For overall planning purposes, and bearing in mind that hours 
flown were taken as the independent variable, he was inclined to favour this 
presentation, which was in fact based on the preference of technicians. Percentages 
were obliged to depend on abitrary assumptions about the hours of use for a 
calendar period, and this varied due to complicated combinations of casual factors, 
e.g. weather, air crew availability, special exercises, international tension, long and 
short term policy, availability of spare parts (not necessarily for the engine itself), 
and so forth. 
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He agreed that for comparison of one engine type with another, or the same type 
with itself at different periods, in different theatres, roles, and conditions of usage, 
some criterion was desirable. An arbitrary population was used to standardise the 
rates (see pages 468-9 July JouRNAL). A simpler linear “ideal” line had been 
adopted as in the figure below. 


No. 
of 


engines 


Age (hours) ————> 
Population of engines to which rates are applied. 


Life, of course, was arbitrarily curtailed at a point beyond which engines were 
not permitted to run. Hence, together with the rate for 1,000 hours, it was necessary 
to state the arbitrary life on which calculations were based. 

He must decline to follow M. Rossow through Fisher’s transformation because 
he felt this went beyond the scope of a paper called “elementary,” although the 
use of confidence belts might be worth following up. Too fine a calculation, 
however, could not be warranted by the nature of the data. For example, it was 
unrealistic to assume any real homogeneity among the engines over time. Apart 
from wear and tear the influence of gradual (or sudden) improvement due to 
modifications and increased knowledge of better handling and servicing techniques 
were involved. 

M. Rossow hit the nail squarely on the head when he suggested classification 
of engine trouble according to its severity. It was the logical next step. Should the 
overall rates show something wrong, the rates for individual defects could be 
derived from the first class of records (mentioned on page 446, paragraph 4, July 
JOURNAL) combined with the records giving exposure to risk. 

This was done when necessary, but mention was not made of it in the original 
paper because the “dose” of explanation seemed enough for technical readers to 
stomach at one time. 

W. E. Thornton-Bryar 


| 
"a 
| 
| 
AF 


an appreciation 


.THE COUNCIL OF THE ROYAL AERONAUTICAL SOCIETY WISH 

TO THANK THOSE COMPANIES WHO, BY THEIR GENEROUS 

CO-OPERATION, HAVE DONE SO MUCH TO HELP IN THE 
PRODUCTION OF THE JOURNAL 


AEROPLANE & MOTOR ALUMINIUM 
CASTINGS LTD. 


ALUMINIUM GRAVITY DIE CAST CYLINDER HEAD 


SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LTD. 


SIR W.G. 


ARMSTRONG WHITWORTH 
AIRCRAFT LIMITED 


AIRCRAFT MATERIALS LTD. 


STRUCTURAL MATERIALS 
and COMPONENTS 


AUTOMOTIVE PRODUCTS CO. LTD. 


AIRWORK LTD. 


W 
AIRWORK 


LIMITED 


ARMSTRONG SIDDELEY MOTORS LTD. 


ARMSTRONG / 


AVIATION DEVELOPMENTS LTD. 


AVIATION DEVELOPMENTS LTD 


KINGSBOURNE HOUSE 
HIGH HOLBORN, LONDON WC1 
Specialists in Blind Riveting and Fastening Devices 


XXVii 


BIRMETALS LTD 


} 
|} CAL Ritis 4 
| AC ES 
| 
= | 
| 


BLACKBURN & GENERAL AIRCRAFT LTD. 


BROOM & WADE LTD. 


| 
| 


“BROOMWADE, 


AIR COMPRESSORS 
AND PNEUMATIC TOOLS 


DOWTY EQUIPMENT LTD. 


DOWTY 


UNDERCARRIAGE AND 
HYDRAULIC EQUIPMENT 


| 
| 


XXViii 


Fl 


DUNFORD & ELLIOTT (SHEFFIELD) LTD. |i 


FOR AIRGRAFT 


DUNLOP RUBBER CO., LTD. | 
ELECTRO-HYDRAULICS LTD. || GL 
LIMITED 
Tr) LOR 


THE ENGLISH ELECTRIC CO. LTD. LONDON 


ENGLISH ELECTRIC 


MANUFACTURERS OF AIRCRAFT, AIRCRAFT 
ELECTRICAL EQUIPMENT, WIND TUNNEL 
DRIVES, TEST PLANTS FOR RECIPROCATING 
AND TURBINE-TYPE ENGINES, SUPERCHARGERS, 
COMPRESSORS, ETC. 


THE FAIREY AVIATION CO. LTD. | 
| 
| 


HIGH-PERFORMANCE SERVICE AIRCRAFT | 


| 
| | 
2 
i BOULTON PAUL AIRCRAFT LTD. 
| 
— = po | 
BPA | 
| D 
THE BRISTOL AEROPLANE CO., LTD. 
| 
| = 
| 


TE: FIRTH-VICKERS STAINLESS STEELS LTD. THE HESTON AIRCRAFT CO., LTD. 


TD. || FOLLAND AIRCRAFT LTD. 


H. M. HOBSON LTD. 


obso 


HAMBLE, SOUTHAMPTON 


GLOSTER AIRCRAFT CO., LTD. 


F. A. HUGHES & CO. LTD. 


Distributors of 


ELEKTRON 


MAGNESIUM ALLOYS 


poms MANDLEY PAGE LIMITED THE HUGHES-JOHNSON STAMPINGS LTD. 
| 

EL 

IG 

LTD. fa AWKER AIRCRAFT LTD. | HYMATIC ENGINEERING CO. LTD. 


Wymatic 


: COMPRESSED AIR EQUIPMENT 


XXix 


fie 
sHESTONS 

34 

Ys 

4 ZDIRCRAFTS 

| 

| ED AN D 

| 

| 

R AIR Pe 

| 

| | 

if 

| 


(METALS DIVISION) 


IMPERIAL CHEMICAL INDUSTRIES LTD. 


INTEGRAL LTD. 


INTEGRAL 


HYDRAULIC PUMPS 
AND EQUIPMENT 


KELVIN & HUGHES (AVIATION) LTD. fil nic 


(KELVIN BOTTOMLEY & BAIRD LTD.) 


LIGHT-METAL FORGINGS LTD. fi) TH 


IRVING AIR CHUTE OF GREAT BRITAIN LTD. 


AIR 


ANA ASS 


K.L.G. SPARKING PLUGS LTD. 


KLG 


SPARKING PLUGS AND 
IGNITION EQUIPMENT 


KELVIN & HUGHES (AVIATION) LTD. 


(HENRY HUGHES & SON LTD.) 


LODGE PLUGS LIMITED gf) PE! 


AVIATION 


SPARKING PLUGS 


} 
| 


MARTIN-BAKER AIRCRAFT co. LTD. 


TH 


D. NAPIER & SON LTD. 


XXX 


SS 
<n 
| 
| | 
| 
| 
| 
| 
| 
| ¥ 
| 
| |) | 
: 
| 
| 


LTD. i] NORMALAIR LIMITED 


NORMALAIR 


A. V. ROE & CO. LTD. 


| 
| 
| 
| 


| 


LTD. fl THE PALMER TYRE LTD. ROLLS-ROYCE LTD. 


‘First in the Air’ 


Penfold Street, Edgware Road, London, N.W.8 AERO-ENGINES 


ITED i] PERCIVAL AIRCRAFT LTD. 


ROLLS - ROYCE 


ROTAX LTD. 


| | AIRCRAFT ELECTRICAL ENGINEERS 


LTD. i] PETO G RADFORD 


SAUNDERS-ROE LTD. 


DAGENITE 


AIRCRAFT BATTERIES 


SAUNDERS-ROE LTD 
OSBORNE, EAST COWES, ISLE OF WIGHT 


Telephone: Cowes 445 


LTD. jl] THE PULSOMETER ENGINEERING CO. LTD. SELF-PRIMING PUMP AND ENGINEERING 
CO. LTD. 


| 
==, 
| 
| 
— 
! 
| | ROME 
| 
| 
| | 
| 
j 
| 
| | 4 
| 
| 
| 
: 
| | 
| | 
| 
| | | 
FUEL PUMPS FOR AIRCRAFT , 


SERCK RADIATORS LTD. 


SKYHI LTD. 


SMITHS AIRCRAFT INSTRUMENTS LTD. 


THE SPERRY GYROSCOPE CO. LTD. 


THE UNITED STEEL COMPANIES LTD. 


FLYING FOX’ 
ELECTRIC STEELS 


$.FOX & CO.LTD. SHEFFIELD 


AMBER CROSS 
TRADE MARK 


Symbol of complete protection by Vokes Filters 


VOKES LTD. 


WESTLAND AIRCRAFT LTD. 


WESTLAND AIRCRAFT LIMITED 


Yeovil, Somerset 


A. C. WICKMAN LTD. 


oa Pickman 


SPECIALISTS IN MACHINE 
TOOLS & SMALL TOOLS FOR 
THE AIRCRAFT INDUSTRY 


“YORKSHIRE ENGINEERING SUPPLIES LTD. 


BRONZE FOUNDRIES 


ma YESEATONIA 


BEARINGS AND BUSHES 


ILIFF} 
IMPEF 
IMPE: 

INTEG 
IRVIN 


K.L.C 
KELV 
Licut 
Lope! 
MANG 
Mars’ 
Mart! 
MOLL: 


MonpD 
Mure} 


Ac 
AER 
AIR 
AIR 
ALB 
|| 
AVI 
| 
Bou 
Bais 
Brit 
BriT 
Bai 
BRIT 
| DE 
: Dow 
Dow 
| Dun 
Dun 
LIN | Evec 
| 
ENGL 
Famri 
Firti 
FLIG! 
FOL 
Gray 
| HANE 
| Hawi 
: | HEST 
HIGH 
Hoss 
Hua 
: | HUGH 
HUGE 
Hy: 
| 
| 
| 
= 
| = 
XXxXii 


THE ROYAL AERONAUTICAL SOCIETY 


DIRECTORY OF ADVERTISERS 


AccLes & POLLock 

AEROPLANE & MOTOR ALUMINIUM CASTINGS 

AIRCRAFT MATERIALS Ltp. 

AIRSPEED LTD. .. 

AlRwORK LTD. . 

ALBRIGHY & WILSON Lp. a 

ALVIS LTD. 

ARMSTRONG SIDDELEY Motors 

ARMSTRONG WHITWORTH AIRCRAFT, SIR Ww. 
G., Ltp. 

AUTOMOTIVE Propucts ‘Co. 

AVIATION DEVELOPMENTS LTD. ee 

AvICA EQUIPMENT LTD. AF ee 


LTD. 


B.RMINGHAM ALUMINIUM CASTING 
Co. Ltp. 
BIRMETALS LTD. 
BLACKBURN AND GENERAL AIRCRAFT ‘Lip. 


BootH, James & Co. Ltp. . 
BOULTON PAUL AIRCRAFT LTD. rie 
BrisTOL AEROPLANE Co. LtD., THE .. 
i] BriTIsH BELTING AND ASBESTOS LTD. 
| 


BRITISH MESSIER LTD. 
BRITISH OVERSEAS AIRWAYS | CORPORATION 


BriTISH THOMSON-HOUSTON 
Broom & WabDE 


DE HAVILLAND AIRCRAFT LTD., ee 
Dowty EQUIPMENT LTD. 
Dowty SEALs Ltp. ee 
Dunrorp & ELLIOTT Lt. 
DuNnLop RuBBER Co. 


ELEcTRO-HyDRAULICS LTD. .. ee 
ENGLISH ELectric Co. Ltp. .. oe 


FalREY AVIATION Co. LTD. .. 
FirTH, THOS. AND JOHN BROWN Lt. 
FIRTH-VICKERS STAINLESS STEELS LTD. 
FLIGHT REFUELLING LTD. es 


FOLLAND AIRCRAFT LTD. 
GENERAL ELectrIc Co. Ltp. 


GLOSTER AIRCRAFT CO. LTD. 
GRAVINER MANUFACTURING CO. Lt. 


LTD. 


HANDLEY PaGe LTD. .. 

HAWKER AIRCRAFT LTD. 

HESTON AIRCRAFT Co. LtD., “Tue ve 

HIGH Duty ALLoys LTD. .. os 

Hopson, H. M., Ltp. .. 

HuGues, F. A., & Co. Ltp. 

HUGHEs, HENRY & Son, Ltp. ee 
HUGHES-JOHNSON STAMPINGS LTD., 
) HyMaTIC ENGINEERING Co. Ltp. .. 


ILIFFE AND SONS LTD. .. 

IMPERIAL CHEMICAL INDUSTRIES 

IMPERIAL CHEMICAL INDUSTRIES LTD. 
(METALS DIVISION) 

INTEGRAL LTD. .. 

IRVING AIR CHUTE OF GREAT "BRITAIN Lo. 


K.L.G. SpaRKING PLuGs 
KELVIN, BOTTOMLEY & BairpD .. 
LIGHT-METAL ForGINGS LTD. 
Lopce PLuGs Ltp.  .. 


MANGANESE BRONZE & Brass Co. Ltp., THE 


| 


MARSTON EXCELSIOR LTD. .. 


MARTIN-BAKER AIRCRAFT Co. LtD. .. ay 
MOLLaRT ENGINEERING CO. LTD. ee oe 
MonD NickeL Co. Ltp., THE 
MUREX WELDING PROCESSES LTD. .. 


Paddock Works, Oldbury, Birmingham 
Wood Lane, Erdington, es 
Midland Road, London, W.1 ee 
The Airport, Portsmouth .. 
15 Chesterfield Street, London, Ww. 1 ry 
49 Park Lane, London, W.1 oa ee ee 
Holyhead Road, Coventry .. 
Parkside, Coventry .. 


Whitley, Coventry... 

Tachbrook Road, Leamington Spa 
229 High Holborn, London, W.C.1 
50 Pall Mall, London, S.W.1 ve 


Birmid Works, Smethwick, Birmingham, 40 .. és 

Woodgate Works, Quinton, Birmingham, 32 .. 

Head Office: Brough, E. Yorks. .. ae 

Feltham Factory: Feltham, Middlesex oe oe 

London Office: 43 Berkeley Square, W.1 F “a 

Argyle Street Works, 

Wolverhampton, Staffs. 

Filton House, Bristol ae we 

Cleckheaton, Yorks. eo 

59 Southwark Street, London, S.E.1 ee 

Cheltenham Road East, Gloucester ae 

Headquarters: Stratton House, Stratton Street, ‘W.l aa 

Traffic Enquiries: Airways Terminal, 
Road, S.W.1 

Lower Ford Street, Coventry 

High Wycombe, Bucks. 


Hatfield Aerodrome, Herts. oe os 
Chceitenham, Glos. ae 
Attercliffe Wharf Works, Sheffield, 9 ae oe 
Erdington, Birmingham, 24 ee es 


Fort Dunlop, 

Liverpool Road, Warrington oo ee 
Queens House, London, W.C.2 on 
Stafford ee oe 
Atlas and Norfolk Works, Sheffield, ee 
Staybrite Works, Sheffield .. oe am ae 


5 Clarges Street, London, W.1 
Tarrant Rushton Airfield, Blandford, Dorset 
Hambie, Southampton, Hants. ee 


Magnet House, Kingsway, London, W.C.2_ .. 
Gloster Works and Aerodrome, Hucclecote, Gios. ee 


(Aircraft Division Sales Dept.), Mill 
Colnbrook, Bucks. ae . es 
Cricklewood, London, N.W.2 
Canbury Park Road, Kingston-on-Thames ee ‘ 
Heston .Airport, Middlesex .. 


Slough, Bucks. os 
Hobson Works, Fordhouses, Wolverhampton 

Bath House, 82 Piccadilly, London, W.1 

Husun Works, New North Road, Essex 
Langley Green, Birmingham ‘ ee 
Redditch, Worcestershire P 


Dorset House, Stamford Street, London, S.E.1 “a 
Nobel House, 2 Buckingham Gate, London, S.W.1. .. 


Kynoch Works, Witton, Birmingham, 6 — 
Cousins Street, Dudley Road, Wolverhampton 
Ickneild Way, Letchworth, Herts. os or 


Putney Vale, London, S.W.15 an 
Kelvin Avenue, Hillingdon, Glasgow, 


Kelvin Works, Basingstoke .. we 

Rugby ee oe ee ee 
Handford Works, Ipswich .. ae rae 
63 Grosvenor Street, London, W. i ee oe ee 
Wolverhampton es oe ee 
49/59 Armley Road, "Leeds, ‘12 os os 


Kingston By-Pass, Surbiton, Surrey ° 
Sunderland House, Curzon Street, ‘London, wa 
Waltham Cross, Herts. ws 


XXXili 


Broadwell 1500 


Erdington 2207-9 
Euston 6151 
Portsmouth 74631 
Grosvenor 4841 
Grosvenor 1311 
Coventry 5501 
Coventry 4061 


Tolibar 2261 (15 lines) 
Leamington Spa 1700 
Chancery 8601 
Trafalgar 5505-6-7 


Smethwick 1431 
Woodgate 2253 
Brough 121 
Feltham 3636 
Grosvenor 5771-8 
Birmingham E. 122} 
Fordhouses 3191 
Bristol 48051 
Cleckheaton 800 
Hop. 0192 
Churchdown 3281 
Mayfair 6611 


Victoria 2323 
Coventry 4104 
High Wycombe 1630 


Hatfield 2345 
Cheltenham 53471 
Cheltenham 
Sheffield 41121-4 
Erdington 2121 


Warrington 2244 
Holborn 6966 
Stafford 700 


Hayes 3800 

Sheffield 20081, 26498 
Sheffield 42051 
Grosvenor 5741 
Blandford 501 
Hamble 3191 


Temple Bar 8000 
Gloucester 66294 


Colnbrook 48-49 


Gladstone 8000 
Kingston 1044 
Southall 2321 
Slough 21201 
Fordhouses 2266 
Grosvenor 6300 
Hainault 2601 
Broadwell 1361 
Redditch 743 


Waterloo 3333 
Victoria 4444 


Birchfield 4848 
Wolverhampton 24984 
Letchworth 888 


Putney 2671 
Halfway 3331 
Basingstoke 690 


Broadwell 1152 
Rugby 2076 


Ipswich 2127 

Mayfair 3058 

Fordhouses (W’ton) 2181 
Leeds 37351 

Armley 38081-5 
Denham 2214 
Elmbridge 3352-4 
Grosvenor 4131 
Waltham Cross 3636 


_TD. 

oe 

| 

LTD 

a 

ée 

| 

4 


Napier D., & SON LTD. 
NorMALAIR LTD. 


PaLMEeR LTD., THE 

PERCIVAL AIRCRAFT LTD. 

Peto & RaDFORD 

PitMaN, Sir Isaac & Sons 
PLessey Co. Ltp., THE ae 
PuLLin, R. B., & Co. BID: ... 
PULSOMETER ENGINEERING CO. Lr.. THE 


QanTAS EMPIRE AIRWAYS 


Rog, A. V., & Co. Ltp. 
Rotax Ltp. oe 
SANGAMO WESTON LTD. 
SAUNDERS-ROE LTD. .. 


SELF-PRIMING PuMP & ENGINEERING 
Serck Rapiators Ltp. 

SHELL-MEX AND B.P. .. oe 
SMITHS AIRCRAFT INSTRUMENTS Lrp. 
Sperry Gyroscope Co. Ltp., THE .. 
STERLING METALS LTD. 


TEMPLE Press LTD. 
UNITED STEEL COMPANIES LTD., THE 


VICKERS-ARMSTRONGS LTD. 


C. C., & Co. Ltp.  .. 
WELLWORTHY PISTON RINGS LTD. .. ee 
WESTLAND ee 

WIckMAN, A. C., 


YORKSHIRE ENGINEERING SuppPLigs 


None of the papers or paragraphs must be taken as expressing the opinion of the Council of The Royal 
Subscriptions per annum, £4 13 0, 
All communications for publication or 


Aeronautical Society unless such is definitely stated to be the case. 
including postage: Single Numbers, 7/6, or 7/9 post free. 
Advertisements in the Journal, or on general matters affecting the Society should be addressed to: The 
Secretary, J. Laurence Pritchard, 4 Hamilton Place, W.1. The Society’s Bankers are Messrs. Coutts & Co. 


DIRECTORY OF ADVERTISERS 


Acton, London, W.3 ie ae 
West Hendford, Yeovil, Somerset . ee 


Herga House, Vincent Square, 
Luton Airport, Luton, Beds a 
Chequers Lane, Dagenham, Essex. 

Parker Street, Kingsway, London, W.C.2 

Vicarage Lane, Ilford, Essex 

Phoenix Works, Great West Road, Brentford, ‘Middx. 
Nine Elms Iron Works, Reading. 

39 Victoria Street, London, S.W.1 Pe 


c/o British Overseas Airways Corporation, ae 
Terminus, Buckingham Palace Road, S.W.1 

Gr Middl Manchester 

Derby 


Willesden Junction, London, 


Great Cambridge Road, Enfield, Middlesex 

Head Office: Osborne, E. Cowes, Isle of Wight 
London Office: 45 Parliament St., Westminster, S.W.1 
Edinburgh Ave., Trading Estate, Slough, 
Warwick Road, Birmingham, 11 . ine 
Shell-Mex House, Strand, London, W.c2 

“Skyhi’’ Works, Worton Road, Isleworth, Middlesex 
Cricklewood Works, London, N.W.3 

Great West Road, Brentford, Middlesex 

Northey, Foleshill, Coventry 


Bowling Green Lane, London, E.C.1 
17 Westbourne Road, Sheffield, 10 


Vickers House, Broadway, Westminster, S.W.1 
Weybridge Works, Weybridge, Surrey 

Supermarine Works, Hursley Park, Winchester, Hants. 
Henley Park, near Guildford, Surrey .. 


46 Grosvenor Street, London, W.1 

Radial Works, Lymington, 
Tile Hill, Coventry .. as 
Wiggin Street, Birmingham .. es ae 


Bronze Foundries, Upper Wortley Road, Leeds, 12 


Shepherds Bush 1220 
Yeovil 1100 


Victoria 8323 

Luton 2960 
Rainham 34 
Holborn 9791 

Ilford 3040 

Ealing 0011-3, 3661-3 
Tilehurst 67182-4 
Abbey 4565 


Victoria 3126 


Failsworth 2020-2039 
Derby 2424 

Elgar 7777 
Gloucester 24431 


Enfield 3434 & 1242 
Cowes 445 
Whitehall 7271 
Slough 23277 
Victoria 0531 
Temple Bar 1234 
Hounslow 2211 
Gladstone 3333 
Ealing 6771 
Coventry 89031 


Terminus 3636 
Sheffield 60081 


Abbey 7777 
Byfleet 240-243 
Chandlersford 2251 
Guildford 62861 


Mayfair 9232 
Lymington 520 
Yeovil 1100 
Tile Hill 66271 
Edgbaston 2245 


Leeds 38234 & 38291 


The Journal is published monthly at the Offices of the Society, 4 Hamilton Place, Piccadilly, London, W.1. i 
> 


Telephone: Grosvenor 3515 (5 lines). Telegraphic Address: Didaskalos, Audley, London. 


It is regretted that because of the increasing costs of production it has been found necessary to 
From January 1951 (Volume 55, Number 481) the price of a 


single copy will be increased to 10s. (10s. 3d. including postage), and annual subscriptions to 


increase the price of the Journal. 


£6 3s. Od., including postage. 


XXXiV 


‘ ‘ 


Printed by the Lewes Press (Wightman & Co. Ltd.), Friars Walk, Lewes, England, and Published by 
Tue Royar ArRONAvTICAL Society, 4 Hamilton Place, London, W.1, England. 


ae 

4 

a. Jf Yaw’ Ac 
g A f 


AVIATION 


Fitted by 

ALVIS 

ARMSTRONG SIDDELEY 
BRISTOL 

DE HAVILLAND 
ROLLS-ROYCE 


In the world of motoring, there is an 
approved Lodge Sparking Plug for every 
make of car. 

In motor racing, Lodge identifies the most 


successful sparking plug in 1947, 1948 and 
1949, 
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